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This publication contains a description of the 
instructions used by the ibm 1401 and 1460 Data 
Processing Systems to operate the disk-storage units 
attached. The instructions and timing information 
for the following disk-storage units are included in 
this publication: 

ibm 1405 Disk Storage 

ibm 1311 Disk Storage Drive 

ibm 1301 Disk Storage 

For a list of other publications and abstracts, see the 
IBM 1401 and 1460 Bibliography, Form A24-1495. 










Preface 



This publication is a portion of the reference text for 
the ibm 1401 and 1460 Data Processing Systems. The 
full set of manuals provides a detailed explanation of 
all the instructions used by the system to manipulate 
data. Detailed explanations of the instructions used 
with the required and available input/output units at- 
tached to the system are also included. The reader 
should be familiar with the IBM 1401 System Sum- 
mary, Form A24-1401, or the IBM 1460 System Sum- 
mary, Form A24-1496, and the various publications on 
programming material, such as Symbolic Programming 
System (SPS) and Autocoder. 

The complete manual is divided functionally into 
these sections: 

System Operation Reference Manual (A24-3067) 

Section A Introduction 

Section B System Operations 

Section C ibm 1406 Operations 

Section D ibm 1447 Operations 

Section E ibm 1402 and 1403 Operations 

Section J Index of Instructions 

Section K Consolidated Index 



Tape Input/Output Instructions (A24-3069) 
Section F Tape Input/Output Operations 

Disk Input/Output Instructions (A24-3070) 

Section G Disk Input/Output Operations 

Miscellaneous Input/Output Instructions (A24-3068) 
Section H Miscellaneous Input/Output Oper- 
ations 

Special Feature Instructions (A24-3071) 
Section I Special Feature Operations 

The sections are independent and do not have to be 
used in the order in which they appear. A System 
Reference Library can be compiled using those sec- 
tions applicable to the user's machine configuration. 

This publication is intended for programmers and 
systems personnel who have a general knowledge of 
the ibm 1401 or 1460 Data Processing Systems and who 
require a reference text for detailed information. 

Other publications referenced here are, in most 
cases, prerequisites for a complete understanding of 
the material presented in this publication. 



Minor Revision, November 1964 

This publication, A24-3070-2, is a minor revision of A24-3070-1. 
It does not, however, obsolete the previous publication. The 
only change in this revision is the removal of all the ibm 1440 
Data Processing System references and timings. 



Copies of this and other ibm publications can be obtained through ibm Branch Offices. 

Address comments concerning the content of this publication to ibm Product Publications, Endicott, New York 13764. 



Reprinted March 1966 

© 1960, 1961, 1962, and 1963 by International Business Machines Corporation 
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Disk Input-Output Operations 



IBM 1405 Disk Storage 



7405 Instruction Format 



Mnemonic 
x 



Op Code 
M or L 



A-address 

%Fx 



B-address 



d-character 
R or W 



1405 Operation 

The ibm 1405 Disk Storage unit (Figure G-l) pro- 
vides another medium of input-output for the ibm 
1401. This unit is available in two models: Model 1, 
with a storage capacity of 10 million alphameric char- 
acters, and Model 2, with a storage capacity of 20 
million characters. 



Data Flow 

The information is stored on the disks, which are di- 
vided into tracks and sectors so that the information 
can be located by the addressing scheme for reading 
and writing, during an input-output operation. 

The disk-storage operation is directed by outside 
control from the stored program in the ibm 1401 Proc- 
essing Unit. 




Figure G-l. ibm 1405 Disk Storage 



Op Code 

This is always a single character that defines the basic 
operation to be performed. 

A- Address 

%Fx always appears in the (A) portion of a 1401 disk- 
storage instruction. The %F signals that the disk unit 
is to be selected and the x represents the digit used to 
perform various operations: 

X-Position Operation 

Seek a disk record. 

1 Single Record— Reading or writing of 200 
characters is stopped when a group-mark 
with a word-mark, or the end of a sector, 
is sensed. If a group-mark with a word-mark 
is sensed before completing the reading of 
the sector of the track, reading stops and 
the wrong-length record indicator turns on. 

2 Full track— An entire track is read or writ- 
ten (5 sectors of 200 characters each). Read- 
ing or writing of the full track begins at the 
sector addressed and continues for four addi- 
tional sectors. If a group-mark with word- 
mark is sensed before compleing the reading 
of the last sector of the track, reading stops 
and wrong-length record indicator turns on. 

3 Write check— Data written on a disk in a 
preceding write operation is read from the 
disk and compared, character-by-character, 
with the data in core storage. A write check 
can be given following a single record or full- 
track operation. 

B- Address 

The B-address specifies the high-order position in core 
storage of the 8-digit record address. The record ad- 
dress must be followed by a group-mark with a word- 
mark and the area of core storage from which data is 
to be read into, or out of, by the disk-storage unit. 
The data area must be followed by a group-mark with 
a word-mark. 

d-Character 

The d-character is used to specify the operation to be 
performed. 



G-l 



7405 Instructions 



Seek Disk 

Instruction Format. 

Mnemonic Op Code A-address B-address d-character 
SPS MUorLU MorL %F0 xxx R 

A SD 

Function. The A-address specifies that a seek opera- 
tion is to be performed by the access arm. The B- 
address specifies the high-order position in core 
storage of the disk-record address, which is followed 
by a group-mark with a word-mark. 

The selected access arm seeks the disk and track 
specified in the disk-record address. Processing can 
continue while the access arm is in motion. 

Word Marks. Word marks are not affected. 

Timing. T = .0115 (L r + 9) ms + access time. 

Note: If the access arm is already at the disk track that is to be 
used, a seek disk instruction need not be given. 



Address Registers After Operation. 



l-Add. Reg. 
NSI 



A-Add. Reg. 
B + l 



B-Add. Reg. 
B + 8 



Example. Seek record 050090 with access arm 1. Stor- 
age location 0590-0597 (labeled INPUTA) contain 
10500900 (Figure G-2). 
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Assembled Instruction: JA %F0 590 R 
Figure G-2. Seek Disk 



Read Disk Single-Record 
Read Disk Full-Track 



Instruction Format. 

Mnemonic Op Code 
SPS MU M 

A RD ( single record ] 
RDT (full track) 



A-address 

%Fx 



B-address d-character 
xxx R 



Function. This instruction causes data to be read from 
disk storage into core storage. The digit 1 in the A- 
address ( %F 1 ) specifies that a single record is to 
be read. The reading of the disk is stopped by a 
group-mark with a word-mark in core storage and 
the end of the sector. If the digit 2 is present in the 
A-address (%F2), a full-track read occurs. That is, 
five 200- character records are read from disk stor- 
age into core storage. Reading stops at the end of 
the fifth sector. 

The B-address specifies the high-order position in 
core storage of the disk-record address, which is fol- 
lowed by a group-mark with a word-mark, and the 
area in storage reserved for the data read from the 
disk. 

The R in the d-character position signifies that 
this is a read operation. 

Word Marks. A group-mark with a word-mark must 
appear one position to the right of the record ad- 
dress and one position to the right of the last posi- 
tion reserved in core storage for the disk record. If 
a group-mark with a word-mark is detected before 
reading of the record is completed, the wrong-length 
record indicator turns on and reading stops. 

Timing. 

T = .0115 (L r + 9) + 10 ms + disk rotation. 
60.196 ms is maximum time for a single-record read. 
10.196 ms is minimum time for a single-record read. 

Note: Before reading starts, an automatic comparison of the 
record address in storage with the record address on the disk 
is made. If they are not the same, the unequal-address com- 
pare indicator turns on, and the data on the disk cannot be 
read into storage. 



Address Registers After Operation. 



l-Add. Reg. 

NSI 



A-Add. Reg. 
B + l 



B-Add. Reg. 
B + 210 

or 
B + 1010 



Example. Read a single record from disk storage to 
core storage, beginning at location 0599 ( area is la- 
beled INPUTA ) . The disk-record address is located 
in the first eight positions of the nine positions pre- 
ceding the label (0590-0597), Figure G-3. 
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Assembled lnttructlon:_M %F1 590 R 

Figure G-3. Read Disk Single-Record 



G-2 



Read Disk Single-Record with Word Marks 
Read Disk Full-Track with Word Marks 



Instruction Format. 

Mnemonic Op Code A-address 
SPS LU L %Fx 

A RDW ( single record ) 
RDTW (full track) 



B-address 



d-character 
R 



Function. These instructions are similar to the read 

DISK SINGLE-RECORD and READ DISK FULL-TRACK in- 
structions except that word marks in the record area 
of core storage are removed, and word marks from 
the disk records are written in core storage. The 
length of the record read into core storage from disk 
storage is 176 positions for a single record, and 880 
positions for a full track. 

Word Marks. A group-mark with a word-mark in core 
storage terminates the read operation. If the group- 
mark with a word-mark is not in the position to the 
right of the last character read from the disk into 
core storage, the wrong-length record indicator turns 
on. A group-mark with a word-mark must be one 
position to the right of the record address. 

Timing. T = .0115 (Li + 9) ms + 10 ms + disk rotation 

Note: If a disk is read in a mode different from the one in which 
it was written (M or L operation code) a parity error occurs. 
The read-parity check indicator turns on. 

Address Registers After Operation. 



I -Add. Reg. 


A-Add. Reg. 


B-Add. Reg 


NSI 


B+l 


B + 186 

or 
B + 890 



Example. Read a record from disk storage, with its 
associated word marks, into the area labeled INPUT 
(first position of data is at 0599). The disk-record 
address is located in the first eight positions of the 
nine positions preceding the label (0590-0597), 
Figure G-4. 
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Assembled Instruction:^ %F1 590 R 
Figure G-4. Read Disk Single-Record with Word Marks 



Write Disk Single-Record 
Write Disk Full-Track 

Instruction Format. 

Mnemonic Op Code A-address 
SPS MU M %Fx 

A WD (single record) 
WDT (full track) 



B-address d-character 
xxx W 



Function. This instruction causes a single record ( or 
full-track characters) in core storage to be written 
on a disk record. The digit 1 in the A-address (%F 1) 
specifies that a single record is to be written. If a 2 
is present in the A-address (%F2), five 200-char- 
acter records are written on a disk track. Writing 
stops at the end of the fifth sector. 

The B-address specifies the high-order position of 
the disk-record address and is followed by the data 
to be written on the disk. 

The W in the d-character position signifies that 
this is a write operation. 

Word Marks. The writing of data stops when the end 
of a record is reached on the disk and a group-mark 
with a word-mark is sensed in core storage. If the 
group-mark with a word-mark is sensed before the 
end of a record, the remainder of the disk record is 
filled with data from core storage and the wrong- 
length record indicator turns on. A group-mark with 
a word-mark must be one position to the right of the 
record address. 

Timing. 
T = .0115 (Lx + 9) + 10 ms + rotation time. 
60.196 ms is maximum time for single-record write. 
10.196 ms is minimum time for a single-record write. 

Note: Before writing starts, an automatic comparison of the 
record address in storage, with the record address on the disk, 
is made. If they are not the same the unequal-address com- 
pare indicator turns on, and the data in storage cannot be 
written on the disk. 

A write disk check instruction must be performed follow- 
ing a write-disk operation. No other disk-storage operation 
can be performed until the check of data written on the disk 
is accomplished. 

If the data in core storage contains characters with word 
marks, only the CBA 8421 portion of the character is written 
on the disk (the word mark is ignored). 



Address Registers After Operation. 



I-Add. Reg. 
NSI 



A-Add. Reg. 
B + l 



B-Add. Reg. 
B + 210 

or 
B + 1010 



Example. Write a disk record (single) from the data 
in area labeled INPUTA (first position of data is at 
0599 ) . The disk-record address is located in the first 
eight positions of the nine positions preceding the 
label (0590-0597), Figure G-5. 
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is 0599). The disk-record address is located in the 
first eight positions of the nine positions preceding 
the label (0590-0597), Figure G-6. 
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Assembled Instruction: M %F1 590 W 
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Figure G-5. Write Disk Single-Record 



Write Disk Single-Record with Word Marks 
Write Disk Full-Track with Word Marks 



Instruction Format. 

Mnemonic Op Code A-address 
SPS LU L_ %Fx 

A WDW ( single record ) 
WDTW (full track) 



B-address 



d-character 
W 



Function. This instruction is similar to the write disk 
operation, except that word marks present in the 
data in core storage are recorded on the disk record. 
The mode of operation permits the writing of pro- 
grams on disk records for systems' use. One hundred 
and seventy-six positions of data with word marks 
are recorded on the disk during a write single-record 
operation, and 880 positions are recorded during a 
write full-track operation. 

Word Marks. A group-mark with a word-mark one 
position to the right of the last character of the rec- 
ord in core storage terminates the write operation. 
If the group-mark with a word-mark is not in the 
correct position, the wrong-length record indicator 
turns on. A group-mark with a word-mark must be 
one position to the right of the record address. 

Timing. T = .0115 (L T + 9) ms + 10 ms + disk rotation. 

Note: The programmer should be certain that all records on a 
specific track are written in the same mode (either by a 
move or by a load instruction), otherwise, full-track opera- 
tions are not possible. A write-disk-check operation must be 
performed following this instruction. 

Before writing starts, an automatic comparison of the 
record address in storage, with the record address on the disk, 
is made. If they are not the same, the unequal-address com- 
pare indicator turns on, and the data in storage cannot be 
written on the disk. 

Address Registers After Operation. 



I- Add. Reg. 
NSI 



A- Add. Reg. 
B + l 



B-Add. Reg. 
B + 186 

or 
B + 890 



Example. Write a disk record with word marks from 
the area labeled OUTPUT ( the first position of data 
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Assembled Instruction:^ %F1 590 W 
Figure G-6. Write Disk Single-Record with Word Marks 

Write Disk Check 



Instruction Format. 



A-address 

%F3 



B-address 
xxx 



d-character 
W 



Mnemonic Op Code 
SPS MU M or L 

LU ( word marks ) 
A WDC 

WDCW ( word marks ) 



Function. The function of this instruction is to cause 
a comparison, character-by-character, of the data in 
core storage with the data just written on the disk. 
The system automatically reads the disk record that 
was the last record to be addressed by the 1401 pro- 
gram. This instruction must follow a write operation. 

The digit 3 in the A-address specifies that a write 
disk check is to be performed. Either a single record 
or a full track is checked, depending on how the 
data was recorded in disk storage. 

The B-address specifies the area in core storage 
where the record address and data recorded on the 
disk are located. 

Word Marks. A group-mark with a word-mark must 
appear one position to the right of the disk-record 
address and of the disk data in core storage. 

Timing. T = .0115 (L T + 9) ms + 50 ms. 

Note: If the disk address in core storage is not the same as the 
address on the record, the unequal-address compare indicator 
turns on. If any of the characters on the disk record do not 
agree with the characters in core storage, the read-back check- 
error indicator turns on. 

A write disk check instruction can also follow a read disk 
single-record instruction to verify data read from the disk. 

The write disk check and write disk check with word 
marks instructions can have either an R or W specified as the 
d-character. A W d-modifier must be used for compatibility 
with the ibm 1410 Data Processing System. 

If program compatibility with the ibm 1410 Data Process- 
ing System is necessary, the read check operation must be 
omitted. 
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Address Registers After Operation. 



I-Add. Reg. 

NSI 



A-Add. Reg. 
B + l 



B-Add. Reg. 
B + 210 

or 
B + 1010 



Example. Compare the disk record with the record in 
the area labeled OUTPUT (first position of data is 
0699). The disk-record address is located in the first 
eight positions of the nine positions preceding the 
label (0690-0697), Figure G-7. 
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Assembled Instruction: M %F3 690 W 



Figure G-7. Write Disk Check 



Branch if Indicator On 



Instruction Format. 



Mnemonic 


Op Code 


1-address 


d-character 


SPS B 


B 


XXX 


X 


A BIN 









Function. The d-character specifies the indicator 
tested. If the indicator is on, the next instruction is 
taken from the I-address. If the indicator is off, the 
next sequential instruction is taken. Figure G-8 
shows symbols that are valid d-characters and the 
indicators they test. 

The next disk-storage operation turns off the 
access-inoperable indicator. The other disk unit in- 
dicators are turned off by any disk operation except 

SEEK DISK. 

Indicators: Access Inoperable— An access arm be- 
comes inoperable if the logic safety circuit detects 
improper operation. A customer engineer can also 
render an arm inoperable. In either instance, this 
indicator turns on when the program addresses the 
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inoperable arm. At the same time, the appropriate 
access light (1405) and the ramac® light (1401) 
turn on. 

The indicator also turns on if an invalid (not in- 
stalled) arm or disk storage unit is addressed. Because 
the program continues in sequence, even when an 
inoperable arm is addressed, a branch if indicator 
on instruction should follow a seek instruction. 

Read or Write Parity-Check or Read-Back Check 
Error— This indicator turns on if even-bit parity 
occurs when reading the record address and infor- 
mation from, or writing information on, a disk. An- 
other condition that turns the indicator on is an 
unequal compare during a write-check operation. 

Wrong-Length Record— This indicator turns on if 
the number of characters read from, or written on, 
the disk record is not equal to 200 or 1,000 charac- 
ters ( for M operation code ) or 176 or 880 characters 
( for _L operation code ) . 

Unequal-Address Compare— This indicator turns 
on if an unequal condition occurs during the auto- 
matic comparison of the record address in storage 
with the record address on the disk. This is an auto- 
matic check and does not have to be programmed. 

This is the same internal circuitry that is used by 
the compare instruction. Care should be taken in 
programming that a normal-compare operation and 
the address-compare operation do not interfere with 
the setting of the equal, low, and high compare in- 
dicators set by a previous instruction. 

Any -Disk-Unit Error Condition— This indicator 
turns on if any of the other disk-storage indicators 
are on. It can be tested by the program, and, if it is 
off, allows the program to proceed. If the indicator 
is on, the other indicators should be checked to de- 
termine where corrective measures should be taken. 

Word Marks. Word marks are not affected. 

Timing. 
Without indexing: 

T=.0115 (Li + 1) ms 

With indexing: 

T=.0115 (L* + 2) ms. 

Note: After each disk-unit read or write operation, the program 
must test for error indications to prevent processing of 
unusable data. 

Address Registers After Operation. 



Figure G-8. 
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Example. At the completion of a disk-read operation, 
test the any-disk-unit error condition indicator. If it 
is off, continue in the main program. If it is on, 
branch to the routine labeled DISKER (0690) to 
determine the type of error condition. This tests all 
disk-unit indicators and branches to the error routine 
of the respective indicator that is on. The routines 
are labeled: ACINOP (0690), UNADCL (0695), 
WRLENR (0700), RWPARC (0705,) Figure G-9. 
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Assembled Instruction: 480 JB 690 Y 

690 &_ 740 N 

695 B. 790 X 

700 J_ 890 W 

705 _B_ 990 V 

Figure G-9. branch if indicator on Testing Routine 



IBM 1405 Disk Storage Timing 

Disk-Storage Access Time 

To calculate timing for magnetic-disk operations, it is 
necessary to estimate the average time it takes to seek 
the records needed for a particular application. If 
input to the operation is in sequence, the average 
access time is less than if the input data is unsorted. 
This can be explained by the fact that the duration 
of the seek depends on how far the access arm must 
travel . 

To seek a track on another disk, the access arm 
moves horizontally, vertically, and horizontally again. 
The minimum time to move from the outside track 
of one disk to the outside track of an adjacent disk is 
415 milliseconds. The maximum length of a seek oper- 
ation is from the inside track of the top disk to the 
inside track of the bottom disk and takes 800 milli- 
seconds. Figure G-10 shows track-to-track access times. 

To seek a different track on the same disk (top or 
bottom face), the arm moves horizontally only. In this 
case, minimum seek time is 90 milliseconds and maxi- 
mum seek time is 250 milliseconds (Figure G-ll). 

Disk-to-disk access time ranges from 100 to 315 milli- 
seconds. Figure G-12 shows timing for these opera- 
tions. 

IBM 1405 Error Routines 

Figures G-13 and G-14 show the correct sequence of 
error tests and branches that should be made after 
disk-read and/or disk-write operations on the ibm 
1405 Disk Storage unit. Failure to follow these se- 
quences can result in undetected errors and/or end- 
around check conditions. 
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Figure G-10. Track -to-Track Motion Time Different Disks 
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Figure G-ll. Track-to-Track Motion Time Same Disks 
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Figure G-12. Disk-to-Disk Travel (No Track Travel) 



Disk-Read Error Routines 

Figure G-13 shows the correct sequence of error tests 
and branches that should be made after a disk-read 
operation. Explanation of the notes in Figure G-13 
follows: 
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Figure G-13. ibm 1405 Disk Read Error Routine 

Note T 

Access-inoperable (or invalid-address) is the only 
error indicator that can be set during a seek operation. 
Because disk errors do not stop the program operation, 
this indicator should be tested after a seek and, if on, 
the operation should be retried. 



Note 2 

The access-inoperable (or invalid-address) and un- 
equal-address compare indicators are set during the 
address phase of a disk-read operation. If either of 
these is on, the operation ends and does not enter the 
record phase. The program should branch back to the 
seek disk instruction. The parity and wrong-length rec- 
ord indicators are set during the record phase of a 
read operation. They should be tested and, if on, the 
program should retry the read operation. 



Note 3 

Disk-read operations are normally retried three times 
before halting. 



Disk-Write Error Routines 

Figure G-14 shows the correct sequence of error tests 
and branches that should be made after a disk-write 
operation. Explanation of the notes in Figure G-14 
follows. 

Note 1 

Access-inoperable (or invalid-address) is the only error 
indicator that can be set during a seek operation. Be- 
cause disk errors do not stop the program operation, 
this indicator should tested after a seek and, if on, 
the operation should be retried. 

Note 2 

The access -inoperable (or invalid-address) and un- 
equal-address compare indicators are set during the 
address phase of a disk-write operation. If either of 
these errors occurs, the operation ends and does not 
enter the record phase. These indicators should be 
tested after a write and, if on, the program should 
branch back to the seek disk instruction. 

If neither the access-inoperable nor the unequal-ad- 
dress compare indicator is set on, the operation enters 
the record phase and the write-check interlock is set. 
This requires that the next disk operation be a write 
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Figure G-14. ibm 1405 Disk Write Error Routine 

disk check. Although the parity and wrong-length rec- 
ord indicators can be set on during a write operation, 
they are not tested before the write disk check. If 
they were set on by the write, they will be set on 
again by the write disk check. 



Note 3 

Where possible, a processing loop is included between 
a write and a write disk check. If a programmed halt 
occurs in this loop and the start -reset key is pressed 
when restarting the program, all indicators are turned 
off. Therefore, the program should test the disk-error 
indicators before halting. 



Note 4 

If either the access inoperable or the unequal-address 
compare indicator is set on during a write-disk-check 
operation, the operation ends and does not enter the 
record phase. The write-check interlock is still on. This 
requires that the operation be retried. 

Once the operation enters the record phase, the 
write-check interlock is turned off and, in the event of 
a parity (or readback check) or wrong-length record 
error, the program should branch back to the write 
instruction. 

Note 5 

Disk-write operations are normally retried three times 
before halting. 
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IBM 1311 Disk Storage Drive 

The ibm 1311 Disk Storage Drive (Figure G-15) pro- 
vides the 1401 and 1460 user with fast, efficient disk 
storage. As many as five ibm 1311 drives can be at- 
tached to a 1401 or 1460 system., and each drive is 
equipped with an interchangeable disk pack capable 
of storing from 2 to 2.9 million alphameric characters. 
The first disk-storage drive attached to the 1401 system 
must be a 1311, Model 4; additional drives are 1311, 
Model 2. 

The first disk-storage drive attached to the 1460 
system must be a 1311, Model 1; additional drives are 
1311, Model 2. 



Disk Control Field 

A 10-digit disk-control field specifies the disk-storage 
area that is involved in the data transfer. This disk- 
control field is located in core storage, and begins at 
the core-storage address specified by the disk-storage 
instruction B-address. The data involved in the trans- 
fer follows the disk-control field (no data area is re- 
quired for a seek-disk operation). 

The various parts of the disk-control field are: alter- 
nate code, core sector address, and sector count ( Fig- 
ure G-16). 
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Figure G-16. Disk Control Field 



Alternate Code 



If an asterisk (*) is used in this position, the core 
sector addresses of the disk pack correspond to the 
address range for the disk drive on which the disk 
pack is placed. 

A digit in the alternate-code position can be used to 
select the disk drive by the instruction. It allows drives 
with the same range of sector addresses to be used by 
the program during the same run. 

When all disk drives have different sector addresses, 
an asterisk (*) instead of a numeric code can be placed 
in the alternate-code position if the address range of 
the disk packs and disk drive are the same. 

Both word marks and zone bits can be placed in the 
alternate code position. The word marks and zone bits 
do not affect the operation and are not lost. 



Core-Sector Address 

The core-sector address contains the 6-digit address of 
the first sector to be operated upon. Before any disk 
operation is performed, an automatic comparison is 
made of the sector address in core storage with the 
disk-sector addresses on the specific track. If an equal 
comparison is made, the operation continues. If no 
equal comparison is made, the unequal-address com- 
pare indicator turns on, and the disk operation is not 
performed. 

When sector operations are performed, the core- 
sector address is automatically increased by 1 immedi- 
ately following the data transfer of each sector, except 
under these conditions: 

1. track operation being performed 

2. sector-count field reaches the value of 000 

3. wrong-length record. 

When any of these conditions occur, the core sector 
address is not increased by 1. 

Notes : 

1. The high-order position of the 6-digit core sector address 

must contain a zero. 

2. The other five positions of the 6-digit core sector address 
may contain any valid character that has a numeric-bit 

value of zero through nine. 



3. Zone bits over the core sector-address positions are lost if 
any address modification takes place. 

4. Word marks over the core sector address positions will not 
affect the operation, but are lost during any operation per- 
formed in the load mode that involves address modification. 

Sector Count 

This field indicates the number of sectors to be oper- 
ated upon during the disk operation. The sector-count 
field is not used during seek operations. During the 
transfer of data to or from disk storage, the sector- 
count field is automatically decreased by 1 immedi- 
ately following a successful address comparison so 
that the sector-count field reflects the number of suc- 
cessful address comparisons. 

If a sector count of 000 is used when initiating a 
disk-sector read or write operation, an error condition 
occurs. Before the first sector is transferred, a 1 is sub- 
tracted from the sector-count field. In this case, the 
result would be 999. Therefore, data would be trans- 
ferred until a group-mark with a word-mark is encoun- 
tered in core storage. Because the sector count is not 
zero at this time, the wrong-length record and any- 
disk condition indicators would be turned on. 

Notes: 

1. Word marks cannot be placed over the sector-count field 
units position. Word marks in any other position do not affect 
the operation, but are lost during any operation performed 
in the load mode that affects sector-count modification. 

2. Zone bits are always removed from all three positions of 
the sector-count field. 



Basic Disk Operations 

The four basic operations performed by the 1311 are 
seek, read, write, and write disk check. 

Seek Operation 

The seek operation is initiated by a seek disk instruc- 
tion, which directs the read/write heads to the proper 
cylinder on the disk pack. This instruction is followed 
by a read or write operation. 

The data on the disk records is not acted on during 
this seek operation. 

The seek operation positions the access arms over the 
specified cylinder. The B -address position of the in- 
struction contains the core-storage address of the disk- 
control field and it is this field that specifies the proper 
cylinder, plus other pertinent information. 

Read Operation 

The read operation is initiated by one of the three dif- 
ferent types of read disk instructions, and transfers 
data from disk storage to a specified area in core stor- 
age. (The three types of instructions are discussed 
following the write-operation description. ) The speci- 



fied disk-storage area involved in the transfer is par- 
tially identified by the previous seek operation, and 
the rest of the area is fully identified before the data 
transfer takes place. The identification is accomplished 
by comparing the sector addresses on the disk with 
the sector address in core storage. The sector address 
in core storage is part of the disk-control field, and the 
B-address position of the read disk instruction con- 
tains the core-storage address of the disk-control field. 
The data from the disk is placed in a core-storage area 
located immediately to the right of the disk-control 
field. 

Write Operation 

The write operation is initiated by one of the three 
different types of write disk instructions, and transfers 
data from a specified core-storage area into disk stor- 
age. (The three types of instructions are discussed 
following this operation description.) The specific 
disk-storage area involved in the transfer is partially 
identified by the previous seek operation, and the rest 
of the area is fully identified before the data transfer 
takes place. The identification is accomplished by com- 
paring the sector addresses on the disk with the sector 
address in core storage. The sector address in core 
storage is part of the disk-control field, and the B- 
address portion of the write disk instruction contains 
the core-storage address of the disk-control field. The 
data that will be transferred to the disk is stored in 
a core-storage area located immediately to the right 
of the disk-control field. 

Types of Read and Write Operations 

Each read or write operation can operate in three dif- 
ferent ways, or modes: sector, track sectors with ad- 
dresses, and sector-overlay modes. 

Sector Mode. Read and write operations in the sector 
mode transfer data, but do not transfer disk sector 
addresses. The sector mode is the normal mode of 
operation. The number of sectors to be handled dur- 
ing one operation is specified by the sector-count 
portion of the disk-control field. Each sector is trans- 
ferred only after a correct comparison of the sector 
address in the core-storage disk-control field is made 
with the sector address on the disk. For more de- 
tailed information, refer to the specific instruction. 

Track Sectors with Addresses Mode. This mode of 
operation transfers both the data and the disk-sector 
addresses to and from the disk, one complete track 
at a time. The mode of operation makes it possible 
to change the previously recorded sector addresses. 
The operation requires that the sector-address por- 
tion of the disk-control field contain the address of 
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one of the sectors within the specified track, and the 
sector-count portion of the disk-control field must 
contain 020 (20 sectors will be transferred). The 
transfer can only occur after a correct comparison 
of the sector address in the core-storage disk-con- 
trol field with a sector address on the specified 
track. For more detailed information, refer to the 
specific instruction. 

Sector-Count Overlay Mode. This mode of operation 
allows a portion of the data record itself to specify 
the number of sectors that will be involved in the 
data transfer. The disk-sector addresses are not in- 
volved in the transfer. This mode of operation per- 
mits better disk storage utilization for sequential 
applications involving variable-size records. For 
more detailed information, refer to the specific in- 
struction. 

Reading and Writing with Word Marks. Word marks 
can be transferred with the data during all reading 
and writing operations by an JL Op code instead of 
an M_ Op code. When word marks are written on 
the disk, the data is written in an 8-bit BCD coding. 

Write Disk Check 

The write-disk-check operation causes the data in the 
specified disk area to be compared against the com- 
parable data in the specified core-storage area. When 
the disk data does not compare, bit-by-bit and charac- 
ter-by-character, with the core-storage data, a disk- 
error indicator is set on. This operation normally takes 
the form of a write disk check instruction, which 
must follow each write operation. The write-disk- 
check operation compares the data written in disk 
storage with the original source data in core storage. 



7377 Instruction Format 



Mnemonic 


Op Code 


A-address 


B -address 


d-character 


XX 


M/L 


%Fx 


XXX 


R/W 



Op Code 

This is always a single character that defines the basic 
operation to be performed. Either the M or L opera- 
tion code can be used with ibm 1311 instructions. 

When the M Op-code is used, characters are written 
or read in 7-bit mode (CBA 8421). The L Op-code 
causes characters to be read or written in 8-bit mode 
(CBA 8421 M ) . The 8-bit mode provides for a possible 
word mark with the character being written on, or 
read from, the disk record. 

A- Address 

%Fx signals that the disk unit is to be selected; x rep- 
resents the digit used to perform various operations. 



X-Position Operation 

Seek a disk record. 

1 Sector— Reading or writing characters from the 
number of sectors specified by the sector-count field 
is stopped when a group-mark with a word-mark 
or the end-of-sector is sensed. If a group-mark with 
a word-mark is sensed before the reading of the 
sector(s) of the track is completed, reading stops 
and the wrong-length record and any-disk condition 
indicators turn on. If the group-mark with a word- 
mark is sensed before the writing of a record on a 
disk is completed and it is before the end of a rec- 
ord, the remainder of the disk record is filled with 
valid blanks (C-bit), and the any-disk condition 
and wrong-length record indicators are turned on. 

6 Disk Track-Sector with Addresses— Allows the 

reading or writing of a full track (20 sectors) in- 
cluding sector addresses. To perform this operation, 
the write-address key-light on disk-storage unit 
must be on. When the write-address light is on, 
write-sector operations cannot be performed. 

3 Write Disk-Check— Data written on a disk in a 

preceding write operation is read from the disk and 
compared, character-by-character, with the data in 
core storage. A write disk check must be given 
following a write operation, unless an error occurred 
during the write operation. 

A write-disk-check operation can be executed 
after a read operation if a check on the information 
read is desired. The operation is performed exactly 
the same as a write-disk-check operation following 
a write operation. 

5 Sector-Count Overlay— Allows for records of a 

variable number of sectors (more than one) to be 
read or written with a single instruction. The num- 
ber of sectors to be read/written is controlled by 
the multiple sector-count field. This control field is 
in the first three data positions of the first sector of 
the disk record. This technique permits better disk- 
storage utilization for sequential applications involv- 
ing variable-size records. The record itself specifies 
the number of sectors involved. 

B-Address 

The B-address specifies the high-order position in core 
storage of the 10-digit disk-control field. The disk-con- 
trol field is followed by the area of core storage that is 
to have data read into or out of by the disk-storage 
drive. The data area must be followed by a group- 
mark with a word-mark. 

d-Character 

The d-character is used to specify the operation to be 
performed. 



737 7 Instructions 

Seek Disk 

Instruction Format. 

Mnemonic Op Code A^address B-address d-character 
SPS MU or LU M or L %F0 xxx R 

A SD — ~ 
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SEEK INSTRUCTION 
M %F0 BBB R 



NO 



TURN ON ACCESS 

INOPERABLE AND ANY- 

DISK CONDITION 

INDICATORS 



PROCESSING 
INTERLOCK RELEASED 



TURN OFF ALL DISK- 
STORAGE INDICATORS 



ALTERNATE CODE TO 
DRIVE ADDRESS REGISTER 



CYLINDER NUMBER 
FROM CORE SECTOR 
ADDRESS TO MULTIPLE- 
USE COUNTER 



NOTE 1 



— NOTE 2 



DISK STORAGE READY 



'YES 



IS ACCESS BUSY 



NO 



YES 



PROCESSING 
INTERLOCK RELEASED 



TURN ON ACCESS BUSY 

AND ANY-DISK 

CONDITION INDICATORS 



RETURN ACCESS 

ASSEMBLY TO 

HOME POSITION 



MOVE ACCESS 
ASSEMBLY ONE CYLINDER 



SUBTRACT TWO FROM 
MULTIPLE-USE COUNTER 



— NOTE 3 



NO 



IS MULTIPLE-USE 
COUNTER ZERO 



T™L 



SEEK COMPLETED 



Note 1. Drive address is taken from 8, 4, 2, -bits of second address digit, if 
alternate code position has B-bit. 

Note 2. Cylinder number is taken from: 

a. 1 -bit of second address digit 

b. 8, 4, 2, 1 —bits of third address digit 

c . 8, 4, 2-bits of fourth address digit 

Note 3. Subtraction does not take place when seeking to cylinder zero. 



Figure G-17. Seek-Disk Functional Schematic 
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Function. The A-address specifies that a seek operation 
is to be performed by the access assembly. The B- 
address specifies the high-order position in core stor- 
age of at least the first six functions of the disk- 
control field. Only the alternate-code position and 
the first five positions of the core-sector address are 
used during a seek-disk operation. 

The selected access assembly is first withdrawn 
from the disks to the home position, and then is 
moved toward the center of the disk pack. Move- 
ment of the mechanism stops when the sought track 
is reached. 

Refer to Figure G-17 for a functional schematic 
of a seek-disk operation. 

Word Marks. Word marks are not affected. 

Timing. T=N* (L T + 7) ms + access time. 
400 ms is maximum access time for a seek. 
250 ms is average access time for a seek. 

ms if access mechanism is at track ( seek disk in- 
struction not given). 

*N = .0115 for 1401 or .006 for 1460 

Note: If the access mechanism is already at the disk track that 
is to be used, a seek disk instruction need not be given. 



Address Registers After Operation. 



I-Add. Reg. 

NSI 



A-Adcl. Reg. 
B + 6 



B-Add. Reg. 
B + 7 



Example. Seek record 015734 with the access assembly. 
Storage locations 0590-0599 (labeled INPUTA) con- 
tains 0015734001 (Figure G-18). 
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Figure G-18. Seek Disk 



7371 Sector Operations 

If only the data portion of a disk record is to be af- 
fected, the operation is classified as a sector operation 
(addresses are not affected ) . Disk records can be read, 
written, or scanned during sector operation. The term 
sector operation does not mean that a disk record is 
confined to a 100-character sector. The data needed for 
a record can be written in as many sectors as needed. 



Read Disk Sector(s) 



Instruction Format. 



Mnemonic 
SPS MU 
A RD 



Op Code A-address B-address d-character 
M %F1 xxx R 



Function. This instruction causes data to be read from 
disk storage into core storage. The digit 1 in the 
A-address ( %F1 ) specifies that a sector operation is 
to be performed. The number of sectors to be read 
is specified by the sector-count field. The reading of 
the disk is stopped by a group -mark with a word- 
mark in core storage and by the end of the sector. 

Reading begins at the address contained in the 
core-sector address field and continues for the num- 
ber of sectors specified by the sector-count field. 

The core-sector address field is increased by one 
for each sector read in excess of one, and the sector- 
count field is reduced by one as the sector is read. 

When the sector-count field reaches 000, an end 
of operation is indicated to the system. An error 
condition results from any disk sector read or write 
operation that begins the operation with a sector 
count of 000. Before the first sector is transferred, 
a one ( 1 ) is subtracted from the sector-count field, 
resulting in a sector count of 999. Data would then 
be transferred until a group-mark with a word- 
mark is encountered in core storage. Because the 
sector count is not zero at this time, the wrong- 
length record and any-disk condition indicators are 
turned on. 

The B-address specifies the high-order position in 
core storage of the disk-control field, and the area in 
storage reserved for the data read from the disk. 

The R in the d-character position signifies a read 
operation. 

Refer to Figure G-19 for a functional schematic of 
a read operation. 

Word Marks. A group-mark with a word-mark must 
be one position to the right of the last position re- 
served in core storage for the disk record. If fc 
group-mark with a word-mark is detected before 
reading of the record is completed, the wrong- 
length-record indicator turns on and reading stops. 
The position of the group-mark with a word-mark 
can be determined by using the formula: 

GM-WM = B + N S (L S ) + 10 

B = Address of high-order position of disk 
address in core storage 
N s = Number of sectors read 
L s = Number of characters per sector 

Timing. T = N (L r + 1) ms + 2N S + disk rotation.* 
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READ-DISK SECTOR 
INSTRUCTION M %F1 BBB R 



TURN ON ACCESS 

INOPERABLE AND ANY- 

DISK CONDITION 

INDICATORS 



TURN OFF ALL DISK- 
STORAGE INDICATORS 



PROCESSING 
INTERLOCKED 



DISK-CONTROL FIELD 
TO DRIVE CONTROL 



DISK STORAGE READY 



IS ACCESS BUSY 



| YES 



TURN ON ACCESS BUSY 

AND ANY-DISK 

CONDITION INDICATORS 



PROCESSING 
INTERLOCK RELEASED 



SET 100 IN MULTIPLE- 
USE COUNTER 



COMPARE CORE-SECTOR 

ADDRESS TO SECTOR 

ADDRESS ON DISK 



ARE ADDRESSES EQUAL 



HAS ENTIRE DISK TRACi 
BEEN SCANNED 



WAIT FOR START OF 
NEXT DISK SECTOR 



SUBTRACT ONE FROM 

SECTOR-COUNT FIELD 

IN CORE STORAGE 



YES 



TURN ON ANY-DISK 

CONDITION AND 

UNEQUAL-ADDRESS 

COMPARE INDICATORS 



IS SECTOR -COUNT 
FIELD ZERO 



SET ZERO -LATCH ON 



WRITE | OPERATION 



CHARACTER READ FROM 

DISK STORAGE TO 

A -REGISTER 



READ | OPERATION 



CHARACTER READ FROM 

CORE STORAGE TO 

A -REGISTER 



CHARACTER READ FROM 
A -REGISTER TO 
CORE STORAGE 



CHARACTER READ FROM 
A -REGISTER TO 
DISK STORAGE 



1_E 



PARITY ERROR 



TURN ON ANY-DISK 

CONDITION AND DISK 

ERROR INDICATORS 



SUBTRACT ONE FROM 
MULTIPLE -USE COUNTER 



IS MULTIPLE -USE 
COUNTER ZERO 



IS ZERO LATCH ON 



HAS GM-WM 
BEEN SENSED 



READ IS COMPLETED 



ADD ONE TO CORE- 
SECTOR ADDRESS 



TURN ON WRONG- 
LENGTH RECORD AND 
ANY-DISK CONDITION 
INDICATORS 



PROCESSING 
INTERLOCK RELEASED 



Figure G-19. Read/ Write Disk Functional Schematic 
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*44 ms is maximum time for disk rotation. 
24 ms is average time for disk rotation. 
4 ms is minimum time for disk rotation. 

Note: Before reading starts, an automatic comparison is made 
of the core-sector address with the sector address on the disk. 
This check is made for each sector read. If they are not the 
same, the unequal-address compare indicator turns on, and 
the data on the disk cannot be read into storage. 

Address Registers After Operation. 



Address Registers After Operation. 



I-Add. Ret 
NSI 



A-Add. Reg. 
B + 6 



B-Add. Reg. 

B + ll + N s Ls 



Example. Read one sector from disk storage into 
core storage beginning at location 0600 (labeled 
INPUTA). The disk-control field is located in the 
ten positions preceding the label (0590-0599), Fig- 
ure G-20. 
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Assembled Instruction: M %F1 590 R 



Figure G-20. Read Disk Sector 



Read Disk Sector(s) with Word Marks 



Instruction Format. 



Mnemonic 


Op Code 


A-address 


B -address 


d-character 


SPS LU 


L 


%F1 


XXX 


R 


A RDW 











Function. This is similar to the read disk sector in- 
struction except that ( 1 ) word marks in the record 
area of core storage are removed, and (2) word 
marks from the disk record are written in core stor- 
age. The length of the sector read from disk storage 
into core storage is 90 positions. 

Word Marks. A group-mark with a word-mark in core 
storage terminates the read operation. If the group- 
mark with a word-mark is not in the position to the 
right of the last character read from the disk into 
core storage, the wrong-length-record and any-disk 
condition indicators turn on. 

Timing. T = N (L r + 1) ms + 2N S + disk rotation.* 

*44 ms is maximum time for disk rotation. 
24 ms is average time for disk rotation. 
4 ms is minimum time for disk rotation. 

Note: If a disk is read in a mode different from the one in which 
it was written (M or _L operation code), a parity error occurs. 
The disk-error indicator turns on. 



I-Add. Reg. 
NSI 



A-Add. Reg. 
B + 6 



B-Add. Reg. 
B + 11 + N S L S 



Example. Read a record, with its associated word 
marks, from disk storage into the area labeled 
INPUT (first position of data is at 0600). The disk- 
control field is located in the ten positions preceding 
the label (0590-0599), Figure G-21. 
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Assembled Instruction: 1 %F1 590 R 
Figure G-21. Read Disk Sector with Word Marks 



Read Disk with Sector-Count Overlay 

Instruction Format. 

Mnemonic Op Code A-address B-address d-character 
SPS MU _Mor_L %F5 xxx R 

LU ( word marks ) 
A RDCO 

RDCOW ( word marks ) 



Function. This operation is similar to the read disk 
sector(s ) instruction except that the number of sec- 
tors to be read is controlled by the first three posi- 
tions in the first record read. The digit 5 in the A- 
address specifies that an overlay operation is to be 
performed. 

As the first sector is read from disk storage, the 
first three digits of the record being read are placed 
in the sector-count field of the disk-control field in 
core storage. Therefore, if a variable number of 
sectors are to be read from disk storage, the sector- 
count field must contain a value greater than 001 
to cause the first sector to be read. The first three 
positions of the first sector read contain the number 
of additional sectors to be read. Figure G-22 illus- 
trates the operation of an overlay instruction, which 
causes four sectors of data to be read from disk 
storage into core storage. 

The operation proceeds as a normal read opera- 
tion with appropriate changes to the. core-sector 
address and sector-count fields. 
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Word Marks. Because the exact number of positions of 
data to be read from disk storage may not be known 
when this operation is initiated, place the group- 
mark with a word-mark (signaling the end-of -opera- 
tion) one position to the right of the last possible 
character to be read using this instruction. If the 
maximum number of records is not read, the read 
into storage stops because the end of sector is 
reached and the sector-count field is all zeros before 
the group-mark with a word-mark is sensed. The 
wrong-length-record indicator also turns on. The 
programmer can check core storage in this case to 
see if the correct number of sectors have been read. 
This can be accomplished by setting up a counter 
in the fourth and, if necessary, fifth position of the 
first sector of the record. This counter, when the 
read operation is completed, is located in the first 
and/or second position of the data record in core 
storage. These positions can be used to check the 
number of sectors in the record. These counter posi- 
tions should equal the actual number of sectors in 
the record. For any record length other than single- 
sector records, reading data from disk should have 
stopped at B + 6 + N s L g . If it did not, then an error 
did occur and appropriate action should be taken. 
If a correct read has occurred, the error indication 
can be disregarded. 

Special consideration must be given to single-sec- 
tor records when read in the sector -count overlay 
mode. When the read operation begins, the first 
three characters of the record overlay the sector 
count. In this case, 000 is read in and overlaid. How- 
ever, the machine does not detect a zero sector 
count except when produced by automatically de- 
creasing the sector-count field. After reading the 
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single-sector record, the address is increased by one 
and an equal compare is sought on the next sector. 
When found, the sector count field is decreased by 
one again, resulting in a count of 999. Because the 
sector count field is not all zeros when this occurs, 
the wrong-length -record indicator is turned on. 
When an initial sector count of 003 is used and the 
first three digits of the first sector read are 000 (the 
three digits to be overlaid), the following occurs: 

1. The operation will not stop because the sector 
count has not been decreased to 000. 

2. The sector address has been increased and the 
second sector is read. 

3. The special-add operation (used to keep track 
of the sector count ) decreases the sector count (000) 
to 999. 

Because the last step (item 3) does not produce 
a carry to increase the sector address, an address 
compare occurs on the attempt to read the third 
sector. The address compare does not occur when 
the initial sector count is 001, but the read will con- 
tinue until a group-mark with a word-mark is sensed 
in core storage. 

Single-sector and multiple -sector read operations 
cannot be interspersed ( using the M/L %F5 BBB R 
instruction) without prior knowledge of exactly 
when each read will occur. 

When a file includes single-sector records, a spe- 
cial routine must be included to verify the validity 
of the record read. Before executing a read, a spe- 
cial character that would never be found in the last 
position of a record can be moved to the 100th 
position of the input area. The wrong-length-record 
routine can then check to see whether the counter 
in the first position of the record contains a one 
(1). If so, it would check to see that the special 
character has been overlaid. If it has, the record 
was read in its entirety. 

Timing. T = N (L r + 1) ms + 2N S + disk rotation.* 

*44 ms is maximum time for disk rotation. 
24 ms is average time for disk rotation. 
4 ms is minimum time for disk rotation. 

Note: Before reading starts, an automatic comparison is made of 
the record address in core storage with the record address on 
the disk. This check is made as each sector is read. If the 
addresses are not the same, the unequal-address compare in- 
dicator is turned on, and the data on the disk cannot be read 
into storage. 



Address Registers After Operation. 



Figure G-22. Read Disks — Sector-Count Overlay Operation 



l-Add. Reg. 
NSI 



A-Add. Reg. 
B + 6 



B-Add. Reg. 

B + 8 + N S L S 
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Example. Read into core storage a variable number of 
sectors that contain the data for a record beginning 
at location 0900 (labeled INPUTB). The disk-con- 
trol field is located in the ten positions preceding 
the label (0890-0899), Figure G-23. 
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Assembled Instruction: M %F5 890 R 

Figure G-23. Read Disk with Sector Count Overlay 



The B-address specifies the high-order position in 
core storage of the disk-control field, and is followed 
by the data to be written on the disk. 

The W in the d-character position signifies a write 
operation. 

Refer to Figure G-19 for a functional schematic 
of a write operation. 

Word Marks. A group-mark with a word-mark must be 
one position to the right of the last character of the 
record in core storage. The writing of data stops 
when the end-of -record is reached on the disk and a 
group-mark with a word-mark is sensed in core stor- 
age. If the group-mark with a word-mark is sensed 
before the end of a record, the remainder of the 
disk record is filled with valid blanks (C-bit), and 
the any-disk condition and wrong-length-record in- 
dicators are turned on. 



Write Disk Sector(s) 
Instruction Format. 



Mnemonic 


Op Code 


A-address 


B-address 


d-character 


SPS MU 


M 


%F1 


XXX 


W 


A WD 


— ■ 









Function. This instruction causes record data in core 
storage to be written on a disk record. The digit 1 in 
the A-address (%F1) specifies that a sector opera- 
tion is to be performed. The number of sectors to be 
written is specified by the sector-count field. The 
writing of the disk record is stopped by a group- 
mark with a word-mark in core storage and by the 
end of sector. 

Writing begins at the address contained in the 
core-sector address field and continues for the num- 
ber of sectors specified by the sector-count field. 

The core-sector address field is increased by one 
for every sector written. The sector-count field is 
reduced by one as a sector is written. 

When the sector-count field reaches 000, an end- 
of -operation is indicated to the system. An error con- 
dition results from any disk sector read or write 
operation that begins the operation with a sector 
count of 000. Before the first sector is transferred, 
a one (1) is subtracted from the sector-count field, 
resulting in a sector count of 999. Data would then 
be transferred until a group-mark with a word- 
mark is encountered in core storage. Because the 
sector count is not zero at this time, the wrong- 
length record and any-disk condition indicators are 
turned on. 



Timing. T = N (Li + 1) ms + 2N g + disk rotation.* 

*44 ms is maximum time for disk rotation. 
24 ms is average time for disk rotation. 
4 ms is minimum time for disk rotation. 

Notes: Before writing starts, an automatic comparison is made 
of the core-sector address with the record address on the 
disk. This check is made for each sector written. If the ad- 
dresses are not the same, the unequal-address-compare indi- 
cator is turned on, and the data in storage cannot be written 
on the disk. 

If the data in core storage contains characters with word 
marks, only the CBA8421 portion of the character is written 
on the disk (the word mark is ignored). 

A write disk check instruction must be performed follow- 
ing a write-disk operation unless an error occurred during 
the write operation. No other disk-storage operation can be 
performed until the check of data written on the disk is 
accomplished. 



Address Registers After Operation. 



I- Add. Reg. 
NSI 



A-Add. Reg. 
B + 6 



B-Add. Reg. 

B + 11 + NsLs 



Example. Write a disk record (one sector) from the 
data in the area labeled INPUTA (first position of 
data is at 0600). The disk-control field is located 
in the ten positions preceding the label (0590- 
0599), Figure G-24. 
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Assembled Instruction: M %F1 590 W 
Figure G-24. Write Disk Sector 
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Write Disk Sector(s) with Word Marks 

Instruction Format. 

Mnemonic Op Code A-address B -address d-character 
SPS LU L %F1 xxx W 

A WDW 

Function, This instruction is similar to the write disk 
sector instruction, except that word marks set with 
the data in core storage are recorded on the disk 
record. This mode of operation permits writing pro- 
grams on disk records for system use. Ninety posi- 
tions of data with word marks are recorded on each 
sector during the write operation. 

Word Marks. A group-mark with a word-mark one 
position to the right of the last character of the rec- 
ord in core storage terminates the write operation. 
If the group-mark with a word-mark is not sensed 
at the same time as the end of a record, the re- 
mainder of the disk record is filled with valid blanks 
(C-bit), and the any-disk condition and the wrong- 
length-record indicators are turned on. 

Timing. T = N (Li + 1) ms + 2N S + disk rotation.* 

*44 ms is maximum time for disk rotation. 
24 ms is average time for disk rotation. 
4 ms is minimum time for disk rotation. 

Notes: The programmer should be certain that all records on a 
specific track are written in the same mode (_M or L opera- 
tion code). Otherwise, track operations are not possible. 

Before writing starts, an automatic comparison is made of 
the record address in storage with the record address on the 
disk. If the addresses are not the same, the unequal-address- 
compare indicator is turned on, and the data in storage can- 
not be written on the disk. A write-disk-check operation must 
be performed following this instruction. 



Write Disk with Sector-Count Overlay 



Address Registers After Operation. 



I- Add. Reg. 

NSI 



A-Add. Reg. 
B + 6 



B-Add. Reg. 
B + 11 + N S L S 



Example. Write a disk record, with word marks, from 
the data in the area labeled OUTPUT ( first position 
of data is 0600). The disk-control field is located in 
the ten positions preceding the label (0590-0599), 
Figure G-25. 
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Assembled Instruction: £ %F1 590 W 
Figure G-25. Write Disk Sector with Word Marks 



Instruction Format. 



A-address 

%F5 



B-address d-character 
xxx W 



Mnemonic Op Code 
SPS MU M orJL 

LU ( word marks ) 
A WDCO 

WDCOW ( word marks 



Function. This operation is similar to the write disk 
sector instruction except that the sector-count field 
of the disk-control field is automatically decreased 
by one and then written in the first three data posi- 
tions of the first sector written. The digit 5 in the 
A-address specifies that an overlay operation is to be 
performed. 

Therefore, if a variable number of sectors are to 
be written on disk storage, the sector-count field in 
core storage should contain the number of sectors 
to be written. The first three data positions of the 
first sector written contain the number of additional 
sectors that were written. Figure G-26 illustrates the 
operation of an overlay instruction, which causes 
four sectors of data to be written from core storage 
onto disk storage. 

The operation proceeds as a normal write opera- 
tion with appropriate changes to the core-sector ad- 
dress and sector-count fields. 

Word Marks. A group-mark with a word-mark should 
be placed one position to the right of the last sector 
to be written. The group-mark with a word-mark 
must be placed at B + 7 + N s L g to avoid a false 
wrong-length-record indication. 
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Figure G-26. Write Disk — Sector-Count Overlay Operations 
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Timing. T = N (L T + 1) ms + 2N S + disk rotation.* 

*44 ms is maximum time for disk rotation, 
24 ms is average time for disk rotation. 
4 ms is minimum time for disk rotation. 

Note: Before writing starts, an automatic comparison is made 
of the record address in core storage with the record address 
on the disk. This check is made before each sector is written. 
If the addresses are not the same, the unequal-address-com- 
pare indicator is turned on, and the data in core storage 
cannot be written in disk storage. 



Address Registers After Operation. 



I-Add. Reg. 

NSI 



A-Add. Reg. 
B + 6 



B-Add. Reg. 

B + 8 + N B L„ 



Example. Write a number of sectors for a record on 
disk storage that contains data beginning at location 
0900 (labeled OUTPUT). The disk-control field is 
located in the ten positions preceding the label 
(0890-0899), Figure G-27. 
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Assembled Instruction: M %F5 890 W 

Figure G-27. Write Disk with Sector-Count Overlay 



Write Disk Check 



Instruction Format. 



Mnemonic Op Code 
SPS MU M or L 

LU ( word marks ) 
A WDC 

WDCW ( word marks 



A-address 

%F3 



B -address 



d-character 
W 



The sector-address and sector-count fields of the 
sector-control word must be restored to the values 
present at the beginning of the write operation. 

Word Marks. A group-mark with a word-mark must 
appear one position to the right of the disk data in 
core storage. 

Timing. T = N (L T + 1) ms + 2N S + rotation time.* 

*44 ms is maximum time for disk rotation. 
24 ms is average time for disk rotation. 
4 ms is minimum time for disk rotation. 

Notes: If the disk address in core storage is not the same as the 
address on the record, the unequal-address-compare indicator 
turns on. If any of the characters on the disk record do not 
agree with the characters in core storage, the disk-error in- 
dicator turns on. 

A write-disk-check operation can be executed after a read 
operation if a check on the information read is desired. The 
operation is performed exactly the same as a write-disk-check 
operation following a write operation. 

Address Registers After Operation. 

I-Add. Reg. A-Add. Reg. B-Add. Reg. 

NSI Depends on previous operation 

Example. Compare the disk record with a record in 
core-storage area labeled OUTPTC (beginning at 
0700). This disk-control field is located in the ten 
positions preceding the label (0690-0699), Figure 

G-28. 
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Assembled Instruction: M %F3 690 W 

Figure G-28. Write Disk Check 



Function. This instruction causes a comparison, char- 
acter-by-character, of the data in core storage with 
the data just written on the disk. This instruction 
must be executed after a write operation and before 
any other disk-storage operation is initiated. 

The digit 3 in the A-address specifies that a write 
disk check is to be performed. Either an L or M 
operation code is used, depending on how the data 
was recorded in disk storage. 

The B-address specifies the area in core storage 
that contains the disk-control field and the data re- 
corded on the disk. 



737 7 Address Operations 

The disk sector addresses written on the disk pack are 
protected from improper systems operation by the 
write-address key-light on disk-drive 0. When the light 
is off, addresses on the disk pack cannot be altered or 
read into core storage. If the light is on, disk-pack ad- 
dresses can be read into core storage and new ad- 
dresses can be written on the disk pack. 

The ability to read and/ or alter disk addresses is 
conditioned by the setting of the write-address key- 
light and the stored program instructions. Certain ibm 
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1311 instructions are used when reading or writing 
disk addresses. These instructions contain the term 
Address in their description and a note on the setting 
of the write-address key. 

If the proper instruction and key setting are not 
used when trying to perform an address operation, the 
system stops and the ramac light on the system con- 
sole turns on. 



Read Disk Track Sectors with Addresses 

Instruction Format. 

Mnemonic Op Code A-address B-address d-character 
SPS MU M or L %F6 xxx R 

LU ( word marks ) 
A RDT 

RDTW ( word marks ) 

Function. This instruction causes the contents of an 
entire disk track ( addresses and data ) to be read in 
the mode specified by the operation code (M or L). 
If the L operation code is used, the track is read 
into storage with its associated word marks. 

The core-sector address must correspond to any 
one of the sector addresses on the track. The disk 
track is scanned for an address equal to the sector 
address in core storage. The disk-track reading be- 
gins when the first track-index pulse following a suc- 
cessful address-compare operation is sensed. If the 
result of the address-compare operation is unequal, 
the unequal-address compare indicator turns on. All 
20 sectors on the track, including the disk-sector 
addresses, are read into core storage. The sector- 
count field of the disk address must be set at 020 
before the operation begins. 

The core-sector address field is not modified by 
plus-one during this operation. To keep track of the 
number of sectors read, however, the sector-count 
field is modified by minus-one for each sector read. 

Word Marks. A group-mark with a word-mark must 
be placed one position to the right of the last char- 
acter read into core storage. This position can be 
found by adding 2130 to the B-address for opera- 
tions performed with the M operation code, and 
1930 for operations performed with the L operation 
code. 

Timing. T = N (L x + 1 ) + 40 ms + disk rotation.* 

"44 ms is maximum time for disk rotation. 
24 ms is average time for disk rotation. 
4 ms is minimum time for disk rotation. 



Note: The write-address key-light on disk-storage-drive zero 
must be on to perform the operation. When the key-light 
is off, disk-sector operations cannot be performed. 

Address Registers After Operation. 

I-Add. Reg. A-Add. Reg. B-Add. Reg. 

NSI B + 9 B + 1 1 + 2120 ( M Op code ) 

or 
B + 11 + 1920 (_L_Op code) 

Example. Read disk track 17550, with its associated 
word marks, into the core-storage area labeled 
RDTSAD (first position of data is at 0800). The 
disk-control field is located in the ten positions pre- 
ceding the label (0790-0799), Figure G-29. 
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Assembled Instruction: M %F6 790 R 
Figure G-29. Read Disk Track Sectors with Addresses 



Write Disk Track Sectors with Addresses 

Instruction Format. 

Mnemonic Op Code A-address B-address d-character 
SPS MU M_orJL %F6 xxx W 

LU (word marks) 
A WDT 

WDTW (word marks) 

Function. This instruction causes the record data and 
addresses in core storage to be written on a disk 
track in the mode specified by the operation code 
(M or L). If the L operation code is used to write 
the track, word marks in the record area of core 
storage are written on the track. 

The core-sector address must correspond to any 
one of the sector addresses on the track. The disk 
track is scanned for an address equal to the sector 
address in core storage. Writing the disk track 
begins when the track-index pulse is sensed ( signal- 
ing first sector on track), if the address-compare 
operation results in an equal condition. If the result 
of the address-compare operation is unequal, the 
unequal-address compare indicator turns on. All 20 
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sectors on the track, including the disk sector ad- 
dresses, are written on disk storage. The sector-count 
field of the disk-control field must be set at 020 be- 
fore the operation begins. 

The core-sector address field is not modified by 
plus-one during this operation. To keep track of the 
number of sectors written, however, the sector-count 
field is modified by a minus for each sector read. 

Word Marks. A group-mark with a word-mark must 
be one position to the right of the last character 
written on disk storage. This position can be found 
by adding 2130 to the B-address for operations per- 
formed with the M operation code, and 1930 for 
operations performed with the L operation code. 

Timing. T = N (L r + 1) + 40 ms + disk rotation.* 

**44 ms is maximum time for disk rotation. 
24 ms is average time for disk rotation. 
4 ms is minimum time for disk rotation. 

Note: The write-address key-light on disk-storage-drive zero 
must be on to perform this operation. When the key-light is 
off, disk-sector operations cannot be performed. 

Address Registers After Operation. 



I-Add. Reg. 
NSI 


A-Add. Reg. 
B + 9 


B-Add. Reg. 
B + 11 + 2120 (M^Op code) 

or 
B + 11 + 1920 (L Op code) 



Example. Write a disk track (with address) from the 
data in the area labeled WRTS AD ( first position of 
data is at 1000). The disk-control field is located in 
the ten positions preceding the label (0990-0999), 
Figure G-30. 
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Assembled Instruction: M %F6 990 W 
Figure G-30. Write Disk Track Sectors with Addresses 



Branch if Indicator On 

The branch if indicator on instruction tests the in- 
dicators that might be set on during a disk-storage 
operation. When a disk-storage instruction occurs in 
the program, it turns off all disk-storage indicators 



that were turned on by a previous disk-storage opera- 
tion. The execution of a disk storage instruction can 
result in a disk-storage indicator being turned on. 

Instruction Format. 



Mnemonic 


Op Code 


l-address 


d-character 


SPS B 


B 


XXX 


X 


A BIN 









Function. The d-character specifies the indicator 
tested. If the indicator is on, the next instruction is 
taken from the I-address. If the indicator is off, the 
next sequential instruction is taken. Figure G-31 
shows symbols that are valid d-characters, and the 
indicators they test. More than one indicator can be 
turned on as the result of a disk-storage operation. 

Indicators: Access Inoperable— An access arm be- 
comes inoperable if the logic safety circuit detects 
improper operation. A customer engineer can also 
render an arm inoperable. In either instance, this 
indicator turns on when the program addresses the 
inoperable arm, at which time the operation is ter- 
minated and the next sequential instruction is 
started. At the same time, the ramac light turns on. 

The indicator also turns on if an invalid (not in- 
stalled) arm or disk-storage unit is addressed. Be- 
cause the program continues in sequence even when 
an inoperable arm is addressed, a branch if indica- 
tor on instruction must immediately follow a seek 
instruction. 

This indicator also turns on if power is not sup- 
plied to the disk-storage unit addressed. 

Disk Error. This indicator turns on if even-bit 
parity occurs during reading or writing on a disk. 
Another condition that turns the indicator on is an 
unequal compare during a write-check operation. 
In this case the operation is completed. 

Wrong-Length Record. This indicator turns on if 
the following conditions are not satisfied: a group- 
mark with a word-mark in core storage is sensed at 
the same time as an end-of-sector and an all-zero 
condition in the sector-control field occurs. It also 
turns on during a scan operation if the search argu- 
ment is longer than, or equal to, a sector length. De- 



d-Character 


Indicator 


N 


Access Inoperable 


V 


Disk Error 


W 


Wrong-Length Record 


X 


Unequal-Address Compare 


Y 


Any Disk-Condition 


\ 


Access Busy 



Figure G-31. 



d-Characters for branch if indicator on 
Instruction 
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tection of a wrong-length record terminates the 
operation and starts the next sequential instruction. 

Unequal- Address Compare. An unequal-address 
compare condition occurs during the automatic com- 
parison of the sector address in storage with the sec- 
tor address on the disk. This unequal condition turns 
the unequal-address compare indicator on after the 
disk track is scanned and the track-index pulse is 
sensed twice. Each sector operated on by a disk- 
storage read-write instruction is checked for address 
compare. This is an automatic check and does not 
have to be programmed. During multiple-sector 
operations, the indicator also turns on after the data 
transfer begins when the sector address following a 
correct address comparison does not compare. 

The internal circuitry is the same as that used by 
the compare instruction. In programming, be care- 
ful that a normal-compare operation and the address- 
compare operation do not interfere with the settings 
of the equal-, low-, and high-compare indicators set 
by a previous instruction. Detection of an unequal- 
address compare terminates the operation and starts 
the next sequential instruction. 

Any-Disk Condition. This indicator turns on if any 
of the other disk-storage indicators are on. It can be 
tested by the program, and, if it is off, the program 
can proceed. If this indicator is on, then the other 
indicators should be checked to determine where 
corrective measures should be taken. 

Access Busy. This indicator is turned on if the ac- 
cess assembly is in motion when the program tries to 
execute a disk-storage instruction. The disk-storage 
instruction is terminated and the next sequential in- 
struction is started. The indicator turns off when 
access-assembly motion stops and the program starts 
executing a disk-storage instruction. 

Word Marks. Word marks are not affected. 

Timing. 

Without indexing: 
T=N (Lj + 1) ms. 

With indexing: 

T = N (Lx + ,2) ms. 

Note: After each disk unit read or write operation, the program 
must test for error indications to prevent processing of un- 
usable data. 



Address Registers After Operation. 



I- Add. Reg. 

NSI 



A-Add. Reg. 
BI 



B-Add. Reg. 
Abb 



is off, continue in the main program. If it is on, 
branch to the routine labeled DISKER (0690) to 
determine the type of error condition. This tests all 
disk-unit indicators and branches to the error rou- 
tine of the respective indicator that is on. The rou- 
tines are labeled: ACINOP (0690), UNADCL (0695) 
WRLENR (0700), RWPARC (0705), Figure G-32. 
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Example. At the completion of a disk-read operation, 
test the any-disk-unit error condition indicator. If it 



Assembled Instruction: 480 JB 690 Y 

690 JB_ 740 N 

695 JB 790 X 

700 JB 890 W 

705 *_ 990 V 

Figure G-32. Branch if Indicator On Testing Routine 



IBM 1311 Disk Storage Timing 

The organization of data in disk storage and the 
method of processing data affect the seek time for a 
given operation and also affect the total systems' 
throughput. Some methods of seeking records and the 
sequence of disk storage and input-output instructions 
are considered here as an aid to program development. 

Seeking Disk Storage Records 

Two modes of operation for seek instructions are: Re- 
turn-to-Home and Direct Seek, a special feature. The 
return-to-home mode is the standard mode of opera- 
tion. In this mode, all seeks are achieved by first mov- 
ing the access arms to a home position outside cylin- 
der 00 and then counting into the desired cylinder. 
This function is automatically performed by the sys- 
tem. The direct-seek special feature enables the pro- 
grammer to write the program so that the system can 
seek from one track to another track without requiring 
the access arms to return to home position. 

Another factor to be considered in systems planning 
is that the access arms move at both a low speed and 
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a high speed. Access-arm movement within ten cylin- 
ders is at low-speed rate of 2 inches per second. If 
more than ten cylinders are searched, the access arms 
move at the high-speed rate of 16 inches per second for 
all cylinders in excess of ten. These two speeds (2 inches 
and 16 inches per second) are not used by the pro- 
grammer in timing disk-storage operations because the 
timing charts incorporate these variations in speed. 
Variation in speed is covered here so it can be con- 
sidered when data is being organized in disk storage. 

After a seek disk instruction in either mode has been 
issued, processing can continue until another disk- 
storage instruction is issued. The length of the seek de- 
pends on the total number of cylinders that must be 
passed during the seek operation. Figure G-33 provides 
actual seek time for cylinder-to-cylinder movement in 
increments of ten cylinders. 

In the return-to-home mode, the total throughput 
time can be reduced by using a technique known as 
dummy seek to cylinder 00. 

The total time for this operation is 106 ms, for ap- 
proximately 2% disk revolutions. The available proc- 
essing time is 68 ms. 

Processing time is reduced as more sectors are read 
or written. The timing for a 4-sector operation illus- 
trates this point: 



Read 


2 ms head select delay time 




20 ms average rotational time 




8 ms to read four sectors 


Process 


30 ms processing 


Write 


2 ms head select delay time 




8 ms to write four sectors 
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30 ms processing 
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8 ms write check 




110 ms Total 
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The total time in the preceding example is 110 ms 
(2% revolutions), only 4 milliseconds longer than the 
2-sector operation. However, total processing time is 
60 ms as opposed to 68 ms in the earlier example. 

If possible, processing should be kept within the 
available rotational time. If not, the cycle is increased 
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Reading, punching, 
or printing may be 
done during the 
pertinent record 
seeking and the 
seek 00 time. 



Figure G-33. Cylinder Seek Time Without Direct Seek 
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Figure G-34. Block Diagram for Dummy Seek Technique 



by one 40-ms revolution for each extension of avail- 
able processing time. 

Processing time between a write operation and a 
write disk check instruction can be used for updating 
control totals and/or arranging fields of printing. 
When the print-storage special feature is installed, 
most disk operations may be completely overlapped 
by the printing operation. 

Dummy Seek to Cylinder 00 

Access motion time has two operations: return-to-home 
and advance-from-home. The return-to-home portion 
of access time normally can be overlapped if a seek to 
cylinder 00 is issued before a card-read or -punch op- 
eration or a print operation (Figure G-34). 

Timing Considerations for Reading and Writing 

When designing a program utilizing the disk pack, the 
programmer should consider ways to place read, write, 
and write-eheck operations to save job time. Because 
the disks revolve at 1,500 rpm, 40 ms are required to 
complete a revolution, and 2 ms to read or write one 
sector. The rotational time that must elapse before a 
disk operation can be executed should be utilized for 
processing, if possible. 

Assume, for example, that a 2-sector record (200 
characters ) is to be read, updated, and then returned 
to the file. The timing chart and block diagram for 
this operation are shown in Figure G-35. 



A summary of the disk-storage time follows: 



Read 
2 sectors 
(4 ms) 




2 ms for head-select delay 
20 ms average rotational time 
to find the proper sector 
4 ms to read 2 sectors 



34 ms for processing 



2 ms head-select delay 
4 ms to write 2 sectors 



34 ms for processing 



2 ms for head-select delay 
4 ms to write check 2 sectors 
T06 ms . Total 



Rotational delay 
Average Rotational Delay 
Head Select Delay 
Read One Sector 
Write One Sector 
Write Check One Sector 

Seek time— without direct access 

Maximum 
Mean Seek Time 

Seek time— with direct access 

Maximum 

Mean Seek Time 



40 ms 
20 ms 
2 ms 
2 ms 
2 ms 
2 ms 



400 ms 
250 ms 



250 ms 
150 ms 



Figure G-35. Disk-Storage Timing for a 2-Sector Record 



IBM 1311 Error Routine 

Figure G-36 shows the correct method of programming 
input/output operations on the ibm 1311 Disk Storage 
Drive. The method presented in Figure G-36 is, basic- 
ally, the routine generated by the ibm 1401/1311 
Input/Output Control System (IOCS). Explanation 
of the notes in Figure G-36 are : 

Note 1 

Where possible, seek time should be utilized by includ- 
ing a processing routine in the busy loop. 

Note 2 

IOCS does not test for any disk error after the seek 
and write operations. If an error occurs at either of 
these points, it will be caught later. Tests for any disk 
error can be made after every busy test, however, and 
can often be justified by the ability to locate more 
easily the cause of the error. 

Note 3 

When the direct-seek special feature is used, the disk- 
control field contains a number equal to twice the num- 
ber of cylinders to be crossed. If a number is used that 
causes the access mechanism to attempt to go past the 
last, or 100th cylinder, the disk drive will remain in a 
busy status until manually turned off and then back 
on. In testing programs using the direct seek, it is rec- 
ommended that the busy loops after all disk input- 
output instructions include a routine that will halt the 
system after a length of time has elapsed sufficient for 
the longest possible seek operation. 

Note 4 

Although not noted in this block diagram, the contents 
of the address registers at the time of a halt should 
uniquely identify the cause of the halt. 
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Note 8. 



Note 5 

The sequence of tests shown is justified by the fact that: 

1. In the event of cylinder overflow, checking parity 
first ensures that the portion read or written is 
correct. 

2. In the event of cylinder overflow, both the unequal- 
address compare and the wrong-length-record in- 
dicators are on. If only the wrong-length-record 
indicator is on, the error must be a true wrong- 
length-record error. 

Note 6 

If cylinder overflow is encountered, the three low-order 
digits of the address in the disk-control field will be 
200, 400, 600, 800, or 000. 

Note 7 

None of the ibm programming systems will produce a 
block that overflows from one disk pack to another. 
However, IOCS can accommodate such a block in an 
input file. If the condition occurs when processing 
labeled files, the program must add 20 to the address 
in the disk-control field and change the drive number 
in the alternate-code position before branching to the 
seek instruction. 

Note 8 

When using the direct-seek special feature, the error 
routine should include a separate, return-to-home seek 
instruction instead of going back to the common seek 
disk instruction of the main program. The reason for 
this is that when using the direct seek, the program 
must be sure of the starting point of the seek. Because 
an error condition exists, assume that the program is 
not sure of the present postion. 



IBM 1301 Disk Storage, Models 11, 12, 21, 

and 22 

The ibm 1301 Disk Storage, Models 11, 12, 21, 22 (Fig- 
ure G-37), provides the 1460 system with the advan- 
tages of large capacity random access storage. As 
many as five ibm 1301 modules can be attached to a 
1460 system. 



Disk-Control Field 

A 10-digit disk-control field specifies the disk-storage 
area that is involved in the data transfer. This disk- 
control field is located in core storage, and begins at 
the core-storage address specified by the disk-storage 
instruction B-address. The data involved in the transfer 
follows the disk-control field ( no data area is required 
for a seek-disk operation). 




Figure G-37. ibm 1301 Disk Storage 



The various parts of the disk-control field are: alter- 
nate code, core sector address, and sector count ( Fig- 
ure G-38). 

Alternate Code 

If a lozenge ( n ) is used in this position, the core sector 
address specifies the disk drive that will be selected. 

A record mark ( 4= ) , S, U, W, or Y character in the 
alternate-code position is used to select a drive other 
than the drive specified by the sector address. The 4s 
S, U, W, and Y characters select the first, second, third, 
fourth, and fifth disk modules respectively. 

A word mark can be placed in the alternate-code 
position. The word mark does not affect the operation 
and is not lost. A 1-bit should never appear in the 
alternate-code position. 

Core-Sector Address 

The core-sector address contains the 6-digit address of 
the first sector to be operated upon. Before any disk 
operation is performed, an automatic comparison is 
made of the sector address in core storage with the 
disk-sector addresses on the specific track. If an equal 
comparison is made, the operation proceeds. If no 
equal comparison is made, the unequal-address com- 
pare indicator turns on, and the disk operation is not 
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Figure G-38. Disk Control Field 
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performed. (When a multiple-sector operation is exe- 
cuted, only the address of the first-specified sector on 
each track involved in the operation is compared.) 

When sector operations are performed, the core sec- 
tor address is automatically increased by 1 immediately 
following the data transfer of each sector, except under 
these conditions: 

1. Track operation being performed. 

2. Sector-count field reaches the value of 000. 

3. Wrong-length record. 

When any of these conditions occur, the core-sector 
address is not increased by 1. 

Notes: 

1. The six positions of the 6-digit core-sector address may con- 
tain any valid character that has a numeric-bit value of zero 
through nine. 

2. Zone bits over the core-sector address positions are lost if 
any address modification takes place. 

3. Word marks in the core-sector address positions do not affect 
the operation, but are lost during any operation performed in 
the load mode that involves address modification. 

Sector Count 

This field indicates the number of sectors to be oper- 
ated upon during the disk operation. The sector-count 
field is not used during a seek operation, but the posi- 
tions must be there because the disk-control field must 
be ten positions long. 

During the transfer of data to or from disk storage, 
the sector-count field is automatically decreased by 1 
immediately following a successful address compari- 
son, and before each additional sector is transferred. 
This operation results in the sector-count field reflect- 
ing the number of sectors transferred. 

If a sector count of 000 is used when initiating a disk 
sector read or write operation, an error condition oc- 
curs. Before the first sector is transferred, a 1 is sub- 
tracted from the sector-count field. In this case, the 
result would be 999. Therefore, data would be trans- 
ferred until a group-mark with a word-mark is encoun- 
tered in core storage. Because the sector count is not 
zero at this time, the wrong-length record and any-disk 
condition indicators would be turned on. 

Notes : 

1. Word marks cannot be placed over the sector-count field units 
position. Word marks in any other position do not affect the 
operation, but are lost during any operation performed in the 
load mode that affects sector-count modification. 

2. Zone bits are always removed from all three positions of the 
sector-count field. 



Seek Operation 

The seek operation is initiated by a seek disk instruc- 
tion, which directs the read/write heads to the proper 
cylinder on the disk drive. This instruction is followed 
by a read or write operation. 

The data on the disk records is not acted on during 
this seek operation. 

The seek operation positions the access arms over the 
specified cylinder. The B-address position of the in- 
struction contains the core-storage address of the disk- 
control field and it is this field that specifies the proper 
cylinder plus other pertinent information. 

Read Operation 

The read operation is initiated by one of the three dif- 
ferent types of read disk instructions, and transfers 
data from disk storage to a specified area in core stor- 
age. (The three types of instructions are discussed fol- 
lowing the write-operation description. ) The specified 
disk-storage area involved in the transfer is partially 
identified by the previous seek operation, and the rest 
of the area is fully identified before the data transfer 
takes place. The identification is accomplished by com- 
paring the sector addresses on the disk with the sector 
address in core storage. The sector address in core stor- 
age is part of the disk-control field, and the B-address 
position of the read disk instruction contains the core- 
storage address of the disk-control field. The data from 
the disk is placed in a core-storage area located imme- 
diately to the right of the disk-control field. 

Write Operation 

The write operation is initiated by one of the three dif- 
ferent types of write disk instructions, and transfers 
data from a specified core-storage area into disk stor- 
age. (The three types of instructions are discussed 
following this operation description.) The specific disk- 
storage area involved in the transfer is partially iden- 
tified by the previous seek operation, and the rest of 
the area is fully identified before the data transfer takes 
place. The identification is accomplished by comparing 
the sector addresses on the disk with the sector address 
in core storage. The sector address in core storage is 
part of the disk-control field, and the B-address portion 
of the write disk instruction contains the core-storage 
address of the disk-control field. The data that will be 
transferred to the disk is stored in a core-storage area 
located immediately to the right of the disk-control 
field. 



Basic Disk Operations 

The four basic operations performed by the 1301 are 
seek, read, write, and write disk check. 



Types of Read and Write Operations 
Each read or write operation can operate in three dif- 
ferent ways, or modes: sector, track sectors with ad- 
dresses, and sector-count overlay modes. 
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Sector Mode. Read and write operations in the sec- 
tor mode transfer data, but do not transfer disk- 
sector addresses. The sector mode is the normal 
mode of operation. The number of sectors to be 
handled during one operation is specified by the 
sector-count portion of the disk-control field. Each 
sector is transferred only after a correct comparison 
of the sector address in the core-storage disk-control 
field is made with the initial sector address on each 
track of the disk. For more detailed information, 
refer to the specific instruction. 

Track Sectors with Addresses Mode. This mode of op- 
eration transfers both the data and the disk-sector 
addresses to and from the disk, one complete track 
at a time. The mode of operation makes it possible 
to change the previously recorded sector addresses. 
The operation requires that the sector-address por- 
tion of the disk-control field contain the address of 
one of the sectors within the specified track, and the 
sector-count portion of the disk-control field must 
contain 020 (20 sectors will be transferred). The 
transfer can occur only after a correct comparison 
of the sector address in the core-storage disk-control 
field with a sector address on the specified track. 
For more detailed information, refer to the specific 
instruction. 

Sector-Count Overlay Mode. This mode of operation 
allows a portion of the data record itself to specify 
the number of sectors that will be involved in the 
data transfer. The disk-sector addresses are not part 
of the transfer. This mode of operation permits bet- 
ter disk-storage utilization for sequential applica- 
tions involving variable-size records. For more de- 
tailed information, refer to the specific instruction. 

Reading and Writing with Word Marks. Word marks 
can be transferred with the data during all reading 
and writing operations by an L, Op code instead of 
an M Op code. When word marks are written on the 
disk, the data is written in an 8-bit BCD coding. 

Write Disk Check 

The write-disk-check operation causes the data in the 
specified disk area to be compared against the com- 
parable data in the specified core-storage area. When 
the disk data does not compare, bit-by-bit and char- 
acter-by-character, with the core-storage data, a disk 
error indicator is set on. This operation takes the form 
of a write disk check instruction, which normally must 
follow each write operation. The write-disk-check op- 
eration compares the data written in disk storage with 
the original source data in core storage. 



7307 Instruction Format 

Mnemonic Op Code A-address 
xx M/L %Fx 



B-address d-character 
xxx R/W 



Op Code 

This is always a single character that defines the basic 
operation to be performed. Either the M or L operation 
code can be used with ibm 1301 instructions. 

When the M Op code is used, characters are written 
or read in 7-bit mode (CBA 8421). The sector char- 
acter capacity in the 7-bit mode is 100 characters. The 
JL Op code causes characters to be read or written in 
8-bit mode ( CBA 8421 M ) . The 8-bit mode provides 
for a possible word mark with the character being 
written on, or read from, the disk record. The sector 
character capacity in the 8-bit mode is 90 characters. 

A- Address 

%Fx signals that the disk unit is to be selected; x 
represents the digit used to perform various operations. 

X-Position Operation 

Seek a disk record. 

1 Sector— Reading or writing characters from the 
number of sectors specified by the sector-count field 
is stopped when a group-mark a word-mark, or the 
end-of-sector, is sensed. If a group-mark with a 
word-mark is sensed before the reading of the sec- 
tors) is completed, reading stops and the wrong- 
length record and any-disk condition indicators 
turn on. If the group-mark with a word-mark is 
sensed before the writing of a record on a disk is 
completed and it is before the end of a record, the 
remainder of the disk record is filled with valid 
blanks (C-bit), and the any-disk condition and 
wrong-length-record indicators are turned on. 

6 Disk Track-Sector with Addresses — Allows the 

reading or writing of a full track (20 sectors) in- 
cluding sector addresses. 

3 Write Disk Check— Data written on a disk in a 

preceding write operation is read from the disk 
and compared, character-by-character, with the 
data in core storage. A write disk check instruc- 
tion must be given following a write operation, un- 
less an error occurred during the write operation. 
A write-disk-check operation can be executed 
after a read operation if a check on the informa- 
tion read is desired. The operation is performed 
exactly the same as a write-disk-check operation 
following a write operation. 

5 Sector-Count Overlay — Allows for records of a 

variable number of sectors (more than one) to be 
read or written with a single instruction. The num- 
ber of sectors to be read/written is controlled by 
the multiple sector-count field. This control field is 
in the first three data positions of the first sector 
of the disk record. This technique permits better 
disk storage utilization for sequential applications 
involving variable-size records. The record itself 
specifies the number of sectors involved. 

B- Address 

The B-address specifies the high-order position in core 
storage of the 10-digit disk-control field. The disk- 



G-29 



control field is followed by the area of core storage 
that is to have data read into or out of by a group- 
mark with a word-mark. 
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d-Character 

The d-character is used to specify the operation to 
be performed. The d-character R specifies a read oper- 
ation; the d-character W specifies a write operation. 
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Assembled Instruction: M %F0 590 R 



Figure G-39. Seek Disk 



7307 Instructions 



Seek Disk 



Instruction Format. 



Mnemonic 
SPS MU or LU 
A SD 



Op Code A-address B-address d-character 
M or L %F0 xxx R 



Function. The A-address specifies that a seek operation 
is to be performed by the access assembly. The B- 
address specifies the high-order position in core 
storage of the disk-control field. Only the alternate- 
code position and the 6-position core-sector address 
are used during a seek-disk operation, but the disk- 
control field must be ten positions long. 

The selected access assembly moves from the old 
setting directly to the new setting. The functions 
associated with the direct-seek special feature are 
standard in the 1301. 

Word Marks. Word marks are not affected. 

Timing. T = N* (Li + 7) ms + access time. 
180 ms is maximum access time for a seek. 
160 ms is average access time for a seek. 
ms if access mechanism is at track (seek disk 
instruction not given). 

*N = .0115 for 1401, .006 for 1460. 

Note: If the access mechanism is already at the disk track that 
is to be used, a seek-disk instruction need not be given. 



Address Registers After Operation. 



I-Add. Reg. 
NSI 



A-Add. Reg. 
B + 6 



B-Add. Reg. 
B + 7 



Example. Seek record 015734 with the access assembly. 
Storage locations 0590-0599 (labeled INPUTA) con- 
tains 0015734001 (Figure G-39). 



7307 Sector Operations 

If only the data portion of a disk record is to be af- 
fected, the operation is classified as a sector operation 
(addresses are not affected ) . Disk records can be read, 
written, or scanned during sector operation. The term 
sector operation does not mean that a disk record is 
confined to a 100-character sector. The data needed 
for a record can be written in as many sectors as 
needed. 



Read Disk Sector(s) 
Instruction Format. 



Mnemonic 


Op Code 


A-address 


B-address 


d-character 


SPS MU 


M 


%F1 


xxx 


R 


A RD 











Function. This instruction causes data to be read from 
disk storage into core storage. The digit 1 in the A- 
address (%F1) specifies that a sector operation is to 
be performed. The number of sectors to be read is 
specified by the sector-count field. The reading of 
the disk is stopped by a group-mark with a word- 
mark in core storage and by the end of the sector. 

Reading begins at the address contained in the 
core-sector address field and continues for the num- 
ber of sectors specified by the sector-count field. 

The core-sector address field is increased by one 
for each sector read, and the sector-count field is 
reduced by one as a sector is read. 

When the sector-count field reaches 000, an end 
of operation is indicated to the system. An error 
condition results from any disk-sector read or write 
operation that begins the operation with a sector 
count of 000. Before the first sector is transferred, a 
one (1) is subtracted from the sector-count field, 
resulting in a sector count of 999. Data would then 
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be transferred until a group-mark with a word-mark 
is encountered in core storage. Because the sector 
count is not zero at this time, the wrong-length rec- 
ord and any-disk condition indicators are turned on. 

The B-address specifies the high-order position in 
core storage of the disk-control field, and the area 
in storage reserved for the data read from the disk. 

The R in the d-character position signifies a read 
operation. 

Word Marks. A group-mark with a word-mark must 
be one position to the right of the last position re- 
served in core storage for the disk record. If a group- 
mark with a word-mark is detected before reading 
of the record is completed, the wrong-length-record 
indicator turns on and reading stops. The position 
of the group-mark with a word-mark can be deter- 
mined by using the formula: 

GM-WM = B + N s (L g ) + 10 

B = Address of high-order position of disk 
address in core storage. 
N s = Number of sectors read. 
L s = Number of characters per sector. 

Timing. T = N (Li + 1) ms + 1.7N B + disk rotation.* 

*35 ms is maximum time for disk rotation. 
18.4 ms is average time for disk rotation. 
1.7 ms is minimum time for disk rotation. 

Note: Before reading starts, an automatic comparison is made 
of the core-sector address with the sector address on the disk. 
This check is made for the first sector on each track involved 
in the operation. If they are not the same, the unequal-ad- 
dress-compare indicator turns on, and the data on the disk 
cannot be read into storage. 



Address Registers After Operation. 



l-Add. Reg. 

NSI 



A-Add. Reg. 
B + 6 



B-Add. Reg. 
B + 11 + NsLs 

(no overlay) 



Example. Read one sector from disk storage into core 
storage beginning at location 0600 (labeled IN- 
PUTA ) . The disk-control field is in the ten positions 
preceding the label (0590-0599), Figure G-40. 
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Assembled Instruction: M %F1 590 R 
Figure G-40. Read Disk Sector 



Read Disk Sector(s) with Word Marks 



Instruction Format. 



Mnemonic 


Op Code 


A-address 


B-address 


d-character 


SPS LU 


L 


%F1 


XXX 


R 


A RDW 











Function. This is similar to the read disk sector in- 
struction except that ( 1 ) word marks in the record 
area of core storage are removed, and (2) word 
marks from the disk record are written in core stor- 
age. The length of the sector read from disk storage 
into core storage is 90 positions. 

Word Marks. A group-mark with a word-mark in core 
storage terminates the read operation. If the group- 
mark with a word-mark is not in the position to the 
right of the last character read from the disk into 
core storage, the wrong-length-record and any-disk 
condition indicators turn on. 

Timing. T = N (Li + 1) ms + 1.7N S + disk rotation.* 

*35 ms is maximum time for disk rotation. 
18.4 ms is average time for disk rotation. 
1.7 ms is minimum time for disk rotation. 

Note: If a disk is read in a mode different from the one in 
which it was written (_M or L_ operation code ) , a parity error 
occurs. The disk-error indicator turns on. 

Address Registers After Operation. 



l-Add. Reg. 

NSI 



A-Add. Reg. 
B + 6 



B-Add. Reg. 

B + 11 + N b Lb 
(no overlay) 



Example. Read a record, with its associated word 
marks, from disk storage into the area labeled IN- 
PUT (first position of data is at 0600). The disk- 
control field is located in the ten positions preceding 
the label (0590-0599), Figure G-41. 
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Assembled Instruction: l L %Fl 590 R 
Figure G-41. Read Disk Sector with Word Marks 

Read Disk Sector-Count Overlay 

Instruction Format. 

Mnemonic Op Code A-address B-address d-character 
SPS MU MorL %F5 xxx R 

LU (word marks) 
A RDCO 

RDCOW (word marks) 
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Function. This operation is similar to the read-disk- 
sector(s) instruction except that the number of sec- 
tors to be read is controlled by the first three posi- 
tions in the first record read. The digit 5 in the A- 
address specifies that an overlay operation is to be 
performed. 

As the first sector is read from disk storage, the 
first three digits of the record being read are placed 
in the sector-count field of the disk-control field in 
core storage. Therefore, if a variable number of sec- 
tors are to be read from disk storage, the sector- 
count field must contain a value greater than 001 
to cause the first sector to be read. The first three 
positions of the first sector read contain the number 
of additional sectors to be read. Figure G-42 illus- 
trates the operation of an overlay instruction, which 
causes four sectors of data to be read from disk stor- 
age into core storage. 

The operation proceeds as a normal read opera- 
tion with appropriate changes to the core-sector 
address and sector-count fields. 

Word Marks. If the exact number of positions of data 
to be read from disk storage is not known when this 
operation is initiated, place the group-mark with a 
word-mark (signalling the end-of -operation ) one 
position to the right of the last possible character to 
be read using this instruction. If the maximum num- 
ber of records is not read, the read into storage stops 
because the end-of -sector is reached and the sector- 
count field is all zeros before the group-mark with a 
word-mark is sensed. The wrong-length-record indi- 
cator also turns on. The programmer can check core 
storage in this case to see if the correct number of 
sectors have been read. 

This can be accomplished by setting up a counter 
in the fourth and, if necessary, fifth position of the 
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Figure G-42. Read Disk — Sector-Count Overlay Operation 
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first sector of the record. This counter, when the 
read operation is completed, is located in the first 
and/or second position of the data record in core 
storage. These positions can be used to check the 
number of sectors in the record. These counter posi- 
tions should equal the number of sectors read. 
Therefore, data reading should have stopped at 
B + 6 4- N S L S . If it did not, then an error did occur 
and appropriate action should be taken. If a correct 
read has occurred, the error indication can be disre- 
garded. 

Timing. T = N (L r + 1) + 1.7N g + disk rotation*. 

*35 ms is maximum time for disk rotation. 
18.4 ms is average time for disk rotation. 
1.7 ms is minimum time for disk rotation. 

Notes: 

1. Before reading starts, an automatic comparison is made of 
the sector address in core storage with the sector address on 
the disk. This check is made for the first sector on each track 
involved in the operation. If the addresses are not the same, 
the unequal-address compare indicator is turned on, and the 
data on the disk cannot be read into storage. 

2. Special consideration must be given to single-sector records 
read in the sector-count overlay mode. When the read opera- 
tion begins ,the first three data characters of the record over- 
lay the sector-count portion of the disk-control field. When 
a single-sector operation is specified, 000 is read in and 
overlaid in the sector-count positions. The system detection 
circuits only detect a zero sector count when it is produced 
by automatically decreasing the sector-count field, however. 
After reading the single-sector record, the read operation 
does not end. The sector address is increased by one, and the 
sector-count field is decreased by one, resulting in a sector 
count of 999. Because the sector-count field will not contain 
all zeros at the end of the operation, the wrong-length- 
record and any-disk indicators are turned on. When an initial 
sector count of 003 is used and the first three digits of the 
first sector read are 000 (the three digits to be overlaid), the 
following occurs: 

a. The operation will not stop because the sector count has 
not been decreased to 000. 

b. The sector address has been increased and the second 
sector is read. 

c. The special-add operation (used to keep track of the 
sector count) decreases the sector count (000) to 999. 

Because the last step (item c) does not produce a carry 
to increase the sector address, an address compare occurs on 
the attempt to read the third sector. The address compare 
does not occur when the initial sector count is 001, but the 
read will continue until a group-mark with a word-mark is 
sensed in core storage. 

Sing/e-sector and multiple-sector read operations cannot 
be interspersed (using the M/L %F5 BBB R instruction) 
without prior knowledge of exactly when each read will 
occur. 

If a disk drive includes single-sector records, a special 
routine must be included to verify the validity of the record 
read. Before execution of a read operation, a special char- 
acter that would never be found in the last position of a 
record can be moved to the 100th position of the core-storage 
input area. The wrong-length-record routine can then check 
to see whether the counter in the first position of the record 
contains a one ( 1 ) . If it does, the routine would look to see 
that the special character has been overlaid in core storage. 
If it has been, the record was read in its entirety. 
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Assembled Instruction: M %F5 890 R 

Figure G-43. Read Disk with Sector Overlay 
Address Registers After Operation. 



I-Add. Reg. 
NSI 



A- Add. Reg. 
B + 6 



B-Add. Reg. 

B + 8 + N H L 8 



Example. Read into core storage a variable number of 
sectors that contain the data for a record beginning 
at location 0900 (labeled INPUTB). The disk-control 
field address is located in the ten positions preced- 
ing the label (0890-0899), Figure G-43. 



Write Disk Sector(s) 



Instruction Format. 



Mnemonic 


Op Code 


A-address 


B-address 


d-character 


SPS MU 


M 


%F1 


XXX 


W 


A WD 











Function. This instruction causes record data in core 
storage to be written on a disk record. The digit 1 
in the A-address (%F1) specifies that a sector oper- 
ation is to be performed. The number of sectors 
to be written is specified by the sector-count field. 
The writing of the disk record is stopped by a group- 
mark with a word-mark in core storage and by the 
end-of-sector. 

Writing begins at the address contained in the 
core-sector address field and continues for the num- 
ber of sectors specified by the sector-count field. 

The core-sector address field is increased by one 
for every sector written. The sector-count field is 
reduced by one as a sector is written. 

When the sector-count field reaches 000, an end- 
of-operation is indicated to the system. An error 
condition results from any disk sector read or write 
operation that begins the operation with a sector 
count of 000. Before the first sector is transferred, a 
one ( 1 ) is subtracted from the sector-count field, re- 
sulting in a sector count* of 999. Data would then be 
transferred until a group-mark with word-mark is 
encountered in core storage. Because the sector 
count is not zero at this time, the wrong-length- 
record and any-disk-condition indicators are turned 

ON. 



The B-address specifies the high-order position 
in core storage of the disk-control field, and is fol- 
lowed by the data to be written on the disk. 

The W in the d-character position signifies a write 
operation. 

Word Marks. A group-mark with a word-mark must 
be one position to the right of the last character of 
the record in core storage. The writing of data stops 
when the end-of -record is reached on the disk and 
a group-mark with a word-mark sensed in core stor- 
age. If the group-mark with a word-mark is sensed 
before the end of a record, the remainder of the disk 
record is filled with valid blanks (C-bit), and the 
any-disk-condition and wrong-length-record indi- 
cators are turned on. The position of the group-mark 
with a word-mark can be determined by using the 
formula: 

GM-WM = B + N s (L g ) + 10 

Timing. T = N (Li + 1) ms + 1.7 N a + disk rotation.* 

*35 ms is maximum time for disk rotation. 
18.4 ms is average time for disk rotation. 
1.7 ms is minimum time for disk rotation. 

Notes: Before writing starts, an automatic comparison is made 
of the core-sector address with the record address on the disk. 
This check is made for the first sector on each track involved 
in the operation. If the addresses are not the same, the un- 
equal-address compare indicator is turned on, and the data in 
storage cannot be written on the disk. 

If the data in core storage contains characters with word 
marks, only the CBA8421 portion of the character is written 
on the disk (the word mark is ignored). 

A write-disk-check instruction must be performed following 
a write-disk operation unless an error occurred during the 
write operation. No other disk-storage operation can be per- 
formed until the check of data written on the disk is ac- 
complished. 

Address Registers After Operation. 



I-Add. Reg. 


A-Add. Reg. 


B-Add. Reg. 


NSI 


B + 6 


B + 11 + N S L S 
(no overlay) 



Example. Write a disk record (one sector) from the 
data in the area labeled INPUTA (first position of 
data is at 0600). The disk-control field is located in 
the ten positions preceding the label (0590-0599), 
Figure G-44. 
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Assembled Instruction: M %F1 590 W 
Figure G-44. Write Disk Sector 
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Write Disk Sector(s) with Word Marks 

Instruction Format. 

Mnemonic Op Code A-address B-address d-character 
SPS LU L_ %F1 xxx W 

A WDW 

Function. This instruction is similar to the write-disk- 
sector instruction, except that word marks set with 
the data in core storage are recorded on the disk 
record. This mode of operation permits writing pro- 
grams on disk records for system use. Ninety posi- 
tions of data with word marks are recorded on each 
sector during the write operation. 

Word Marks. A group-mark with a word-mark one 
position to the right of the last character of the 
record in core storage terminates the write operation. 
If the group-mark with a word-mark is not sensed 
at the same time as the end of a record, the re- 
mainder of the disk record is filled with valid blanks 
( C-bit ) , and the any-disk-condition and the wrong- 
length-record indicators are turned on. 

Timing. T = N (Li + 1) ms + 1.7N S + disk rotation.* 

*35 ms is maximum time for disk rotation. 
18.4 ms is average time for disk rotation. 
1.7 ms is minimum time for disk rotation. 

Notes: The programmer should be certain that all records on a 
specific track are written in the same mode (M or L opera- 
tion code). Otherwise, track operations are not possible. 

Before writing starts, an automatic comparison is made of 
the record address in storage with the record address on the 
disk. If the addresses are not the same, the unequal-address 
compare indicator is turned on, and the data in storage can- 
not be written on the disk. A write-disk-check operation must 
be performed following this instruction. 

Address Registers After Operation. 



I-Add. Reg. 


A-Add. Reg. 


B-Add. Reg. 


NSI 


B + 6 


B + 11 + N s Ls 
(no overlay) 



Example. Write a disk record with word marks from 
the data in the area labeled OUTPUT (first position 
of data is 0600). The disk-control field is located in 
the ten positions preceding the label (0590-0599), 
Figure G-45. 
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Write Disk Sector-Count Overlay 

Instruction Format. 

Mnemonic Op Code A-address B-address d-character 
SPS MU M or L %F5 xxx W 

LU ( word marks ) 
A WDCO 

WDCOW (word marks) 

Function. This operation is similar to the write disk 
sector instruction except that the sector-count field 
of the disk-control field is automatically decreased 
by one and then written in the first three data posi- 
tions of the first sector written. The digit 5 in the A- 
address specifies that an overlay operation is to be 
performed. 

Therefore, the sector-count field in core storage 
should contain the number of sectors to be written. 
The first three data positions of the first sector written 
contain the number of additional sectors that were 
written. Figure G-46 illustrates the operation of an 
overlay instruction, which causes four sectors of data 
to be written from core storage onto disk storage. 

The operation proceeds as a normal write oper- 
ation with appropriate changes to the core-sector 
address and sector-count fields. 

Word Marks. A group-mark with a word-mark should 
be placed one position to the right of the last sector 
to be written. The group-mark with word-mark must 
be placed at B + 7 + N s L g to avoid a false wrong- 
length-record indication. 

Timing. T = N (Li + 1) ms + 1.7N S + disk rotation.* 

*35 ms is maximum time for disk rotation. 
18.4 ms is average time for disk rotation. 
1.7 ms is minimum time for disk rotation. 

Note: Before writing starts, an automatic comparison is made of 
the record address in core storage with the record address on 
the disk. The check is made before the first sector on each 



Assembled Instruction: L %F1 590 W 
Figure G-45. Write Disk Sector with Word Marks 
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Figure G-46. Write Disk — Sector Count Overlay Operation 
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track involved in the operation. If the addresses are not the 
same, the unequal-address-compare indicator is turned on, 
and the data in core storage cannot be written in disk storage. 



Address Registers After Operation. 



I-Add. Reg. 
NSI 



A-Add. Reg. 
B + 6 



B-Add. Reg. 

B + 8 + N S L S 



Example. Write a number of sectors for a record on 
disk storage that contains data beginning at location 
0900 (labeled OUTPUT). The disk-control field is lo- 
cated in the ten positions preceding the label ( 0890- 
0899), Figure G-47. 
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Assembled Instruction: M %F5 890 W 
Figure G-47. Write Disk with Sector-Count Overlay 



Timing. T = N (Li + 1) ms + 1.7N S + disk rotation 
time.* 

*35 ms is maximum time for disk rotation. 
18.4 ms is average time for disk rotation. 
1.7 ms is minimum time for disk rotation. 

Notes: If the disk address in core storage is not the same as the 
address on the record, the unequal-address-compare indicator 
turns on. If any of the characters on the disk record do not 
agree with the characters in core storage, the disk-error in- 
dicator turns on. 

A write-disk-check operation can be executed after a read 
operation if a check on the information read is desired. The 
operation is performed exactly the same as a write-disk check- 
operation following a write operation. 

Address Registers After Operation. 

I-Add. Reg. A-Add. Reg. B-Add. Reg. 

NSI Depends on previous operation 

Example. Compare the disk record with a record in 
core-storage area labeled OUTPTC (beginning at 
0700). The disk-control field is located in the ten 
positions preceding the label (0690-0699), Figure 
G-48. 
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Write Disk Check 



Instruction Format. 



dnemonic Op Code A-address 
SPS MU M or L %F3 


B -address 

XXX 


d-character 
W 


LU ( word marks ) 
A WDC 

WDCW (word marks) 







Function. This instruction causes a comparison, char- 
acter-by-character, of the data in core storage with 
the data just written on the disk. This instruction 
must be executed after a write operation and before 
any other disk-storage operation is initiated. 

The digit 3 in the A-address specifies that a. 
write disk check is to be performed. Either an JL 
or M operation code is used, depending on how the 
data was recorded in disk storage. 

The B-address specifies the area in core storage 
that contains the disk-control field and the data re- 
corded on the disk. 

The sector-address and sector-count fields of the 
sector-control word must be restored to the values 
present at the beginning of the write operation. 

Word Marks. A group-mark with a word-mark must 
appear one position to the right of the disk data 
in core storage. 



Lobel Operation 
IS , !3!S t&lL. 



_ss_ 



OPERAND 
_JU fiS 



i . , . IW.D.C. . lO.U.T.P.T.C-.I.O. 



Assembled Instruction: M %F3 690 W 
Figure G-48. Write Disk Check 



7307 Address Operations 

The ability to read and/or alter disk addresses is con- 
ditioned by certain ibm 1460-1301 instructions. These 
instructions contain the term Address in their descrip- 
tion. 

If the proper instruction is not used when trying to 
perform an address operation, the system stops and 
the ramac light on the system console turns on. 



Read Disk Track Sectors with Addresses 

Instruction Format. 

Mnemonic Op Code A-address B-address d-character 
SPS MU MorL %F6 xxx R 

LU ( word marks ) 
A RDT 

RDTW (word marks) 



G-35 



Function. This instruction causes the contents of an 
entire disk track (addresses and data) to be read 
in the mode specified by the operation code M or L. 
If the L operation code is used, the track is read into 
storage with its associated word marks. 

The core-sector address must correspond to any 
one of the sector addresses on the track. The disk 
track is scanned for an address equal to the sector 
address in core storage. The disk-track reading be- 
gins when the first track-index pulse following a 
successful address-compare operation is sensed. If 
the result of the address -compare operation is un- 
equal, the unequal-address compare indicator turns 
on. All 20 sectors on the track, including the disk- 
sector addresses, are read into core storage. The 
sector count field of the disk address must be set at 
020 before the operation begins. 

The core-sector address field is not modified by 
plus-one during this operation. To keep track of 
the number of sectors read, however, the sector- 
count field is modified by minus-one for each sector 
read. 

Word Marks. A group-mark with a word-mark must 
be placed one position to the right of the last char- 
acter read into core storage. This position can be 
found by adding 2130 to the B-address for opera- 
tions performed with the M operation code, and 
1930 for operations performed with the L operation 
code. 

Timing. T = N (Lj + 1 ) + 33.3 ms + disk rotation.* 

*35 ms is maximum time for disk rotation. 
18.4 ms is average time for disk rotation. 
1.7 ms is minimum time for disk rotation. 

Address Registers After Operation. 

1-Add. Reg. A-Add. Reg. R-Add. Reg. 

NSI B + 9 B + 11+ 2120 (M Op code) 

or 
B + 11 + 1920 (LOp code) 

Example. Read disk track 17550, with its associated 
word marks, into the core-storage area labeled 
RDTSAD (first position of data is at 0800). The disk- 
control field is located in the ten positions preceding 
the label (0790-0799), Figure G-49. 
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Write Disk Track Sectors with Addresses 

Instruction Format. 

Mnemonic Op Code A-address B-address d-character 
SPS MU M or J. %F6 xxx W 

LU ( word marks ) 
A WDT 

WDTW ( word marks ) 

Function. This instruction causes the record data and 
addresses in core storage to be written on a disk 
track in the mode specified by the operation code 
(M or _L). If the h operation code is used to write 
the track, word marks in the record area of core 
storage are written on the track. 

The core-sector address must correspond to any 
one of the sector addresses on the track. The disk 
track is scanned for an address equal to the sector 
address in core storage. Writing the disk track be- 
gins when the track -index pulse is sensed ( signaling 
first sector on track), if the address-compare oper- 
ation results in an equal condition. If the result of 
the address-compare operation is unequal, the un- 
equal-address compare indicator turns on. All 20 
sectors on the track, including the disk sector ad- 
dresses, are written on disk storage. The sector-count 
field of the disk-control field must be set at 020 
before the operation begins. 

The core-sector address field is not modified by 
plus-one during this operation. To keep track of 
the number of sectors written, however, the sector- 
count field is modified by a minus for each sector 
read. 

Word Marks. A group-mark with a word-mark must 
be one position to the right of the last character 
written on disk storage. This position can be found 
by adding 2130 to the B-address for operations per- 
formed with the M operation code, and 1930 for 
operations performed with the h_ operation code. 

Timing. T = N (Li + 1 ) + 33.3 ms + disk rotation.* 

*35 ms is maximum time for disk rotation. 
18.4 ms is average time for disk rotation 
1.7 ms is minimum time for disk rotation. 

Address Registers After Operation. 



1-Add. Reg. 
NSI 


A-Add. Reg. 
B + 9 


R-Add. Reg. 
B + 11 +2120 (M Op code) 

or 
B + 11 + 1920 (_L Op C ode) 



Assembled Instruction: M %F6 790 R 
Figure G-49. Read Disk Track Sectors with Addresses 
G-36 



Example. Write a disk track ( with address ) from the 
data in the area labeled WRTSAD ( first position of 
data is at 1000). The disk-control field is located in 
the ten positions preceding the label (0990-0999), 
Figure G-50. 
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Assembled Instruction: M %F6 990 W 



Figure G-50. Write Disk Track with Addresses 



Branch if Indicator On 

The branch if indicator on instruction tests the indi- 
cators that might be set on during a disk-storage 
operation. When a disk-storage instruction occurs in 
the program, it turns off all disk-storage indicators 
that were turned on by a previous disk-storage oper- 
ation. The execution of a disk-storage instruction can 
result in a disk-storage indicator being turned on. 



Instruction Format. 



Mnemonic 
SPS B 
A BIN 



Op Code 
B 



I-address 



d-character 



Function. The d-character specifies the indicator tested. 
If the indicator is on, the next instruction is taken 
from the I-address. If the indicator is off, the next 
sequential instruction is taken. Figure G-51 shows 
symbols that are valid d-characters, and the indi- 
cators they test. More than one indicator can be 
turned on as the result of a disk-storage operation. 
Because the program continues in sequence, a 
branch if indicator on instruction should immedi- 
ately follow any disk instruction. 

Indicators: Access Inoperable — This indicator 
turns on if either an invalid (not installed) arm or 
disk-storage unit is addressed. 

An access arm becomes inoperable if the logic 
safety circuit detects improper operation. A cus- 
tomer engineer can also render an arm inoperable. 
In either instance, this indicator turns on, at which 



d-Character 


Indicator 


N 


Access Inoperable 


V 


Disk Error 


W 


Wrong-Length Record 


X 


Unequal-Address Compare 


Y 


Any Disk-Condition 


\ 


Access Busy 



Figure G-51. 



d-Characters for branch if indicator on 
Instruction 



time the operation is terminated and the next se- 
quential instruction is started. At the same time, the 
ramac light turns on. 

This indicator also turns on if power is not sup- 
plied to the disk-storage unit addressed, or if certain 
data-safety conditions occur. 

The indicator is turned off during the I-phase 
portion of the next disk-storage operation. 

Disk Error. This indicator turns on if even-bit 
parity occurs during reading or writing on a disk. 
Another condition that turns the indicator on is a 
data unequal-compare condition during a write- 
check operation. In this case the operation is com- 
pleted. 

The indicator is turned off during the I-phase 
portion of the next disk-storage operation. 

Wrong-Length Record. This indicator turns on if 
the following conditions are not satisfied: a group- 
mark with a word-mark in core storage is sensed at 
the same time as an end of sector and an all-zero 
condition in the sector-control field occurs. It also 
turns on during a scan operation if the search argu- 
ment is longer than, or equal to, a sector length. 
Detection of a wrong-length record terminates the 
operation and starts the next sequential instruction. 

The indicator is turned off during the I-phase 
portion of the next disk-storage operation. 

Unequal-Address Compare. An unequal-address 
compare condition occurs during the automatic com- 
parison of the sector address in storage with the sec- 
tor address on the disk. This unequal condition 
turns the unequal-address compare indicator on 
after the disk track is searched and the track-index 
pulse is sensed twice. This is an automatic check 
and does not have to be programmed. During mul- 
tiple-sector operations, the indicator also turns on 
after the data transfer begins when the next sector 
address to be compared does not compare. 

The internal circuitry is the same as that used by 
the compare instruction. In programming, be care- 
ful that a normal-compare operation and the ad- 
dress-compare operation do not interfere with the 
settings of the equal-, low-, and high-compare indi- 
cators set by a previous instruction. Detection of an 
unequal-address compare terminates the operation 
and starts the next sequential instruction. 

The indicator is turned off during the I-phase 
portion of the next disk-storage operation. 

Access Busy. This indicator is turned on if the 
access assembly is in motion when the program tries 
to execute a disk-storage instruction. The disk-stor- 
age instruction is terminated and the next sequential 
instruction is started. 
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The indicator is turned off during the I-phase 
portion of the next disk storage operation. 

Any-Disk Condition. This indicator turns on if 
any of the other disk-storage indicators are on. It 
can be tested by the program, and if it is off, the 
program can proceed. If this indicator is on, then 
the other indicators should be checked to determine 
where corrective measures should be taken. 

The indicator is turned off during the I-phase 
portion of the next disk-storage operation. 

Word Marks. Word marks are not affected. 

Timing 
Without indexing,: 
T=N (Li + 1) ms. 

With indexing: 

T = N (Li + 2) ms. 

Note: After each disk-unit read or write operation, the pro- 
gram must test for error indications to prevent processing of 
unusable data. 



Address Registers After Operation. 



I-Add. Reg. 
NSI 



A-Add. Reg. 
BI 



B-Add. Reg. 
dbb 



Example. At the completion of a disk-read operation, 
test the any-disk-unit error-condition indicator. If it 
is off, continue in the main program. If it is on, 
branch to the routine labeled DISKER (0690) to 



determine the type of error condition. This tests all 
disk-unit indicators and branches to the error rou- 
tion of the respective indicator that is on. The rou- 
tines are labeled: ACINOP (0690), UNADCL (0695) 
WRLENR (0700), RWPARC (0705), Figure G-52. 
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Assembled Instruction: 480 B_ 690 Y 

690 _B 740 N 

695 B. 790 X 

700 B^ 890 W 

705 i_ 990 V 

Figure G-52. Branch if Indicator On Testing Routine 
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IBM 1301 Disk-Storage Timing 



The organization of data in disk storage and the 
method of processing data affect the seek time for a 
given operation and also affect the total system 
throughput. 

Access Motion Time 

The access mechanism requires time to move from one 
cylinder to another. The time required is related to 
how far the mechanism moves within certain machine- 
defined limits. To calculate how much time will be 
required, consider the 250 cylinders of a module as 
being organized into five areas of 50 cylinders per area 
(Figure G-53). Also consider each area of cylinders 
further divided into six sections ( Figure G-53 ) . Access 
motion time for any one access can be determined by 
one of the following statements: 

1. To move the access mechanism within a section of 
any one area requires 50 milliseconds. 

2. To move the access mechanism from one section 
to another section of an area requires 120 milli- 
seconds. 

3. To move the access mechanism from one area to 
another area (crossing an area boundry) requires 
180 milliseconds. 

For example, to move the access mechanism from track 
000000 to track 039999 requires 120 milliseconds of 
access motion time. To move the access mechanism 
from track 039999 to track 040000 requires 180 milli- 
seconds of time. 



Rotational-Delay Time 

A disk-storage read or write operation includes a tim- 
ing factor called rotational-delay time. An index point 
for each circular disk track denotes the beginning and 
end of a track. After a cylinder of tracks has been 
accessed and the proper read/write head for a specific 
track of the cylinder is conditioned, actual reading or 
writing must wait until the specific data or data area 
of the track is located. Rotational-delay time is the 
time required for the disk to position the desired 
record at the selected read/write head after an instruc- 
tion has been initiated. 

Maximum machine rotational-delay time is 33.3 mil- 
liseconds; average rotational-delay time is 16.7 milli- 
seconds. Data-access time includes the combination 
of access motion time and rotational-delay time. Figure 
G-54 is a complete chart of access motion time. 

Access time from one sector address to another car* 
be determined from Figure G-55. The point of inter- 
section of two lines on a coded area of the figure, one 
drawn horizontally from a FROM sector address and 
one drawn vertically from a TO sector address, indi- 
cates access time in milliseconds. 



Sector Processing Time 

The times required to execute a 1-sector and a 3-sector 
operation are: 
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Figure G-53. Access Motion Areas and Sections 
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Example 1 
1 -Sector Operation 

Seek 160.0 ms 

Average Rotational Delay 16.7 ms 

Read (Includes Module Select Time — 1.66 ms) 3.4 ms 

Rotational Delay 30.0 ms 

Write (Includes Module Select Time— 1.66 ms) 3.4 ms 

Rotational Delay 30.0 ms 

Write Disk Check (Includes Module Select Time— 1.66 ms) 3.4 ms 

246.9 ms 



Example 2 
3-Sector Operation 

160.0 ms 

16.7 ms 

6.7 ms 

26.7 ms 

6.7 ms 

26.7 ms 

6.7 ms 

250.2 ms 



If possible, processing should be kept within the 
available rotational time. If not, the cycle is increased 
by one 33.3 ms revolution for each extension of avail- 
able processing time. 



Processing time between a write operation and a 
write-disk-check operation can be used for such proc- 
essing as updating control totals and/or arranging 
fields of printing. 




SECTIONS 



AREA A 
Cylinders 
0-49 

Sector Addresses 
000000-039999 



AREA B 



Cylinders 

50-99 

Sector Addresses 

040000-079999 



AREAC 
Cylinders 
100-149 
Sector Addresses 
080000-119999 



AREA D 
Cylinders 
150-199 
Sector Addresses 
120000-159999 



AREA E 
Cylinders 
200-249 
Sector Addresses 
160000-199999 



000000-007999 



040000-047999 



080000-087999 



120000-127999 



160000-167999 



008000-015999 



048000-055999 



088000-095999 



128000-135999 



168000-175999 



016000-019999 



056000-059999 



096000-099999 



136000-139999 



176000-179999 



020000-027999 



060000-067999 



100000-107999 



140000-147999 



180000-187999 



028000-035999 



068000-075999 



108000-115999 



148000-155999 



188000-195999 



036000-039999 



076000-079999 



116000-119999 



156000- 159999 



196000-199999 



NOTE: Numbers shown above are the sector addresses of the lowest -and highest -numbered sector addresses 
in each section of each area. 

Examples: Area A, section 1 contains 8000 sector addresses (000000 - 007999) 
Area A, section 3 contains 4000 sector addresses (016000 - 019999) 
Access Motion Time is calculated as follows: 

1 . Movement between sector addresses in the same section of an area is 50 milliseconds. 

2. Movement between sector addresses not in the same section of an area requires: 

120 milliseconds when movement is within the same, area 
(Between 000000 and 015000; 020000 and 036000) 
180 milliseconds when movement is between two of the five areas 
(Between 015000 and 055000; 108000 and 168000) 



Figure G-54. Access Motion Time 
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To Sector Address 
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Figure G-55. Sector-Address-to-Sector-Address Access Time 
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Types of Read and Write Operations (1311) G-ll 

Write Disk: 

Check (1301) G-29, G-35 

Check (1311) G-12, G-20 

Check (1405) G-4, G-20 

Full Track (1405) G-3 

Full Track with Word Marks (1405) G-4 

Sector-Count Overlay (1301) G-34 

Sector(s) (1301) G-33 

Sector(s) (1311) G-18 

Sector(s) with Word Marks (1311) G-19 

Sector(s) with Word Marks (1301) G-34 

Single-Record (1405) G-3 

Single-Record with Word Marks (1405) G-4 

Track Sectors with Addresses (1301) G-36 

Track Sectors with Addresses (1311) G-21 

With Sector-Count Overlay (1311) G-19 

Write Operation (1301) G-28 

Write Operation (1311) G-ll 

1301 Address Operations G-35 

1301 Instruction Format G-29 

1301 Instructions G-30 

1301 Sector Operations G-30 

1311 Address Operations G-20 

1311 Instruction Format G-12 

1311 Instructions G-12 

1311 Sector Operations G-14 

1405 Instruction Format G-l 

1405 Instructions G-2 

1405 Operation G-l 
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